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Forward
As our community grows and changes, Tucson Electric Power (TEP) must evolve to continue satisfying the energy needs of
our customers with a more flexible and responsive resource portfolio. Our 2017 Integrated Resource Plan (lip) reflects our
ongoing transformation from a traditional utility to a more technology and consumerfocused provider of energy products
and services - a shift that must be accomplished without sacrificing reliability convenience or affordability.

TEP will continue to diversify its generation portfolio and reduce its significant reliance on coal by expanding costeffective
renewable resources, particularly solar. Our goal is to serve at least 30 percent of our retail load from renewable resources
by 2030 - twice the level TEP must achieve by 2025 under Arizona's Renewable Energy Standard. We also will continue to
rely on energy efficiency measures while investing in cleaner burning natural gas resources.

We anticipate making significant progress toward that goal by adding approximately 800 megawatts (MW) of renewable
energy capacity by 2030. We recently signed an agreement with NextEra Energy Resources LLC., to purchase power from a
new 100 MW wind facility. We're also evaluating proposals for a new 100 MW-dc solar facility that would be built and
owned by a project partner. Both projects are scheduled for completion in 2019.

Amid such change we also must maintain access to and control of reliable, costeffective conventional generating
resources. To that end, TEP recently replaced a longterm lease with full ownership and control of Unit 1 at the
Springerville Generating Station - Arizona's newest, most efficient coal plant. This will allow our resource portfolio to
remain appropriately balanced during planned reductions of coalfired resources at the San Juan and Navajo Generating
Stations.

i

l

1
l

i

Our increasingly diverse, sustainable generation portfolio will create operational challenges that require new ways of
managing the intermittency and variability of renewable resources. Through a partnership with the University of Arizona,
we are using unique and highly customized forecasting models to predict our solar and wind systems' nextday production.
These predictions help us make more informed decisions about realtime system dispatch.

We're also making greater use of energy storage systems, which can boost power output levels more quickly than
conventional generating resources to maintain the required balance between energy demand and supply. Such systems are
expected to rapidly decline in cost over the next several years. TEP recently completed three energy storage projects with a
combined capacity of 22 MW that are designed to provide gridbalancing resources such as frequency response and
regulation and voltage support. We also are planning investments in flexible, fastresponding reciprocating internal
combustion engines that will provide capacity and assist in mitigating power fluctuations associated with renewable
resources. Such systems can run efficiently at varying loads without regard to frequent starts and cycling operations.

Renewable resources, energy efficiency measures and demand response technologies will play increasingly prominent
roles in our future resource plans. Renewable resource costs are becoming competitive with conventional generation,
while energy efficiency remains the lowest-cost option. That said, building the most reliable and cost-effective portfolio
requires us to consider the price, benefits and feasibility of each resource option in relation to existing infrastructure,
environmental factors and other operating conditions unique to our company. That's why we believe utilityspecific clean
energy standards should be determined through the IP process instead of mandatory, numericdriven statewide
standards.

This report also describes how new smart grid technologies identified in TEP's 10year transmission and distribution plans
would improve service reliability by providing increased system capacity and contingency support for the distribution
network. These network upgrades will support the grid of the future with integration of technologies like remote switching
that can help prevent and minimize service interruptions.

New technologies will continue to create new energy choices for consumers and new options for utilities. TEP must remain
flexible and focused on managing resources in ways that adapt to such changes while maintaining progress toward
achieving a sustainable portfolio that preserves safe, reliable and affordable service.

David G. Hutchens
President and CEO
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CHAPTER 1I
EXECUTIVE SUMMARY
Introduction

For the last 50 years, Tucson Electric Power (TEP] has relied on a fleet of caseload coal plants to meet the

majority of customers' energy needs. Customer usage and peak demand steadily and often rapidly increased as

more and more people moved to Tucson for its favorable climate. Natural gas fired steam boilers and

combustion turbines, as well as purchased power, provided the additional capacity needed to meet summer

peak demand. During this time the primary resource planning challenge was to meet this ever increasing

system peak economically given high volatility in natural gas and wholesale power prices.

Presently, many new factors have come into play, some competing, some complimentary that necessitate

varying from the status quo. Changing customer use patterns have resulted in lower load growth, yet there

exists the potential for new opportunities that will require communication and coordination between

customers and the grid. Operating requirements relating to reliability, grid security clean energy standards

and environmental compliance are becoming continuously more stringent at the same time that we prepare for

the operating challenges relating to integrating higher levels of renewable energy. Resource economics and

environmental considerations have shifted the historically strong preference for coal, to a more balanced use of

coal, natural gas, and renewable resources. Given all these changes we need to view resources differently, to be

better aligned with the role each resource plays in meeting the economical and reliable delivery of energy to

our customers.

Furthermore, the traditional role of resource planning itself has changed. While we still must provide for

reliable and safe power at affordable rates, our stakeholders expect us to achieve those objectives while

improving environmental performance and mitigating risk. To meet these expanded objectives, TEP must be

prepared to make significant changes while maintaining optionality to account for the uncertainty inherent in a

long-term outlook.

TEP'S 2017 Integrated Resource Plan identifies the current and anticipated changes facing the utility industry,

and TEP specifically, and outlines a plan to meet our customers energy needs in light of these changes. The IP

presents a snap shot of current loads and resources and projects future energy and capacity needs through
2032. TEP presents the 2017 Reference Case Plan that provides a reasonable path forward in terms of

reliability, affordability, environmental performance and risk.

l

l

I

E
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(Rial Plaiit lletirtuiiciils

As part of TEP's longer-term portfolio diversification strategy, the Company is reducing its significant reliance
on coal to approximately 38% of retail energy deliveries. Over the next five years, TEP will reduce its coalfired
capacity by 508 MW through planned retirements. TEP plans to exit San loan Generating Station ("San Juan")

Unit 2 at the end of 2017, exit the Navajo Generating Station ("Navajo") at the end of 2019, and exit San ]Ian

Unit 1 at the end of lune 20221. These planned coal retirements will enable TEP to take advantage of nearterm

opportunities to reduce costs and rebalance its resource portfolio over the longerterm. This reduction in coal
resources will result in significant cost savings for TEP customers and will result in meaningful reductions in
air emissions and water consumptions. Finally, TEP's longterm commitments to clean energy resources will
help minimize the Company's long-term environmental risk while locking in lowercost sustainable sources of
energy for decades to come.

Figure 1 TI l' *i ll ll{p R<lviclicv (no l imuline lot ( (I.l1 llnit R¢lirvlmnts

M

L e
San Juan Unit 2

Retirement
170 MW

2025 20302023202120192017

D D

ILA\IL k
. .

Four Corners Power
Plant Retirement

170 MW

San Juan Unk 1
Retirement

170 M W

Navajo Generation
Station Retirement

168 MW

1 On March 16 2107 PNM announced that their current IP analysis concluded that retiring the remaining two units at the San loan
Generating Station in the Farmington area in 2022 could provide longterm benefits for its customers .
2 As part of the 2014 liP analysis TEP avoided approximately $165 in pollution controls with its commitment to retire San loan Unit 2 at
the end of 2017. In the 2017 IP analysis TEP's customers will realize an additional net present value savings of approximately $179
million related to the retirement ofTEns ownership interest in Navajo at the end of 2019 and the retirement ofTEns ownership interest in
San Ivan Unit 1 at the end of lune 2022.
J The retirement of both Navajo and San loan Units 1 and 2 results in reductions in TEPs total system emissions of 15.8% for carbon
dioxide [C02]. 29.8% for nitrous oxides (NOx) and 9.8% for sulfur dioxide (SO2]. In addition the retirement of the Navajo and San loan
units show water consumption is reduced by approximately 2599 acre feet per year an overall savings of 16.18%.
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TEP will continue to expand its portfolio of renewable energy resources as a component of our overall resource

diversification plan as well as our targeted goal of serving 30% of retail load with renewable energy by 2030.

As TEP expands its renewable energy portfolio the Company continues to evaluate the most costeffective

options available. The Company expects to have a higher percentage of solar resources, primarily due to

favorable production curves, low costs, and lack of available transmission to import other resources. TEP's

resource mix will also include large scale wind resources in eastern Arizona and New Mexico that are able to

utilize existing transmission facilities, including expected available capacity from planned plant retirements,

and new large regional transmission projects.

TEP's renewable energy target will come with its own set of challenges and will require TEP to transition to a
more flexible and responsive generation portfolio. Utility-scale solar PV that is tied to the distribution grid has
substantial benefits, and if properly planned and sited may contribute to reduced line losses, apportioned
capacity reductions (generation and transmission), along with environmental benefits. However, a large
accumulation of solar PV in TEP's portfolio introduces operational challenges at certain times of the year as
illustrated in the figure below showing a hypothetical 2030 winter day.
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1 . Ramp Down
2 Minimum Generation
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4 . RampUp
5 . Peak Shift
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TEP's portfolio must have the capability to accommodate the rapid ramping requirements [up and down) that
occur on certain days, and strategies are needed to take advantage of the over generation that may occur.

I

I
Initially Arizona's clean energy standards relating to renewable energy and energy efficiency provided the
catalyst for these dramatic changes. Going forward, future clean energy targets should be developed on a
utility-by-utility basis. While these standards have produced real and tangible benefits, clean energy standards
applied at a statewide level are inherently inflexible, and fail to take into account the unique circumstances of
each utility. This inflexibility creates inefficiencies in resource acquisitions and system dispatch, which
ultimately results in higher costs passed on to customers. TEP believes that the IP is a better mechanism to
develop utilityspecific clean energy targets than a state-wide, "one size fits all" Rulemaking. The liP provides
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the most holistic consideration of the very goals that clean energy standards aim to achieve, while balancing the
cost of achieving those goals for our customers.

(irnl Balancing Resources

As part ofTEn's 2017 Reference Case Plan, planned energy storage systems will play a greater role in the

integration of more renewable energy into TEPs resource portfolio. These energy storage systems will be

readily available to provide ancillary power services such as frequency response, regulation and voltage

support that are more challenging to maintain under the demands of a system with high levels of renewable

energy penetration.

In addition, new fast start, fast ramping thermal resources with mechanical inertia will also have to be added in

order to help balance grid operations. Reciprocating internal combustion engines (RICEs) are fast response

resources designed to flexibly dispatch to meet changes in load and can provide 100% of their effective load

carrying capability (ELCC] during peak periods. These units are not degraded by the number of start-ups, as are

combustion turbines, and they are capable of running at an efficient heat rate even at 30% of their designed

capacity. A 10 MW unit can idle down to 3 MWs under spin and stand ready to react to system disturbances or

renewable intermittent variability as needed.4

Under todays Direct Load Control (DLC) programs, TEP is able to rely on approximately 12 MW of interruptible

commercial and industrial loads to reduce summer peaking capacity requirements. As part of the 2017 IP

Reference Plan, TEP plans to evaluate the cost-effectiveness of future DLC programs. Future DLC programs will

be proposed as part of the Company's annual EE implementation filings. In order to achieve higher levels of

DLC, TEP would likely need to expand its DLC program design beyond the Commercial and Industrial sectors.

Going forward, rather than focusing specifically on summer peaking requirements, TEP intends to transition

from conventional peak shaving demand response (DR) programs to more advanced DR programs that are

capable of costeffectively addressing grid balancing needs such as shortrun ramps and disturbances at

timescales ranging from seconds up to an hour, throughout the year.

Smart Grid Operations

The adoption of new grid balancing resources will play a major role in providing TEPs Balancing Authority
(BA) with the tools needed to maintain system reliability with higher levels of intermittent resources. In
addition, as part of the 2017 Reference Case Plan, TEP is preparing its future grid operations to accommodate
higher levels of distributed energy resources and other smart grid innovations through the use of smart digital
networks. This strategy is much different than how the distribution system has been managed in the past. At
the core of these smart network changes is the need for a digital communications network that will allow for
intelligent electronic devices to be installed on the distribution system by both customers and the utility. This
communication network will be managed through the use of a distribution management system (DMS) that will
process the information from these devices and make decisions in a manner that optimizes grid operations for
the benefit of the utility and its customers.

* As part of this current resource planning cycle TEP conducted a Flexible Generation Technology Assessment (See Appendix B). The
results of this study indicate that the RICE technology is the preferred resource that will provide capacity and assist in mitigating renewable
energy intermittency and variability. TEP plans to move forward with a generating resource modernization plan at Sundt over the next few
years to integrate these fast start fast resources in the 2020 and 2022 timeframes
5 Lawrence Berkeley National Laboratory California Demand Response Potential Study Charting Californias Demand Response Future,

November 2016.
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TEP is poised to take advantage of several large energy-related infrastructure projects that are developing in
the southwestern United States. There are three large transmission projects proposed for interconnection in
eastern and southeastern Arizona that may influence TEP's longterm resource planning decisions.

i

lThe Sur Zia Southwest Transmission Project ("Sur Zia") is a proposed doublecircuit S00 kV line that will
originate in central New Mexico at a proposed substation near Ancho, New Mexico and terminate at the
proposed Pinal Central substation near Casa Grande, Arizona. Another proposed project, the South line
Transmission Project, has a new build portion and an upgrade portion. The new build section would involve
the construction of approximately 240 miles of new 345kV double-circuit electric transmission lines in New
Mexico and Arizona. The upgrade section is a doublecircuit 230kV lines connecting the Apache Substation to
the existing Saguaro Substation northwest of Tucson, Arizona. Additionally, the proposed Western Spirit Clean
Line will collect renewable power from eastcentral New Mexico and deliver it via an approximately 140-mile
transmission line to the existing electric grid in northwestern New Mexico where it interconnects with the TEP
transmission system at San Juan.

Each of these projects, should they be built, would offer TEP an opportunity to tap into high capacity wind sites
in New Mexico as well as large solar facilities located along the route.

In addition, TEP and UNS Electric are involved in the development of the Nogales Interconnection Project, a
proposed direct current interconnection, which will allow for an asynchronous interconnection between the
electric grids in southern Arizona and the northwest region of Mexico. The project will support the reliability of
the electric system, including providing bidirectional power flow and voltage support, as well as emergency
assistance, as needed, for the electric systems both north and south of the border.

Transformation of Desert Southwest Wholesale Power Markets

Energy imbalance Markets (ElMs] are designed to create a market opportunity for balancing loads and

resources given the intermittent characteristics of wind and solar resources. An ElM can aggregate the

variability of resources across much larger footprints than current balancing authorities and across multiple

balancing authority areas. The sub hourly clearing, in some cases down to 5 minutes, potentially provides

economic advantage to participants in the market.

in 2014, PacifiCorp joined the California Independent System Operator (CAISO) ElM, and since that time several

other utilities including Arizona Public Service have joined or committed to join by a certain date. Participants

in the ElM expect to realize at least three benefits:

l >
»
»

Produce economic savings to customers through lower production costs
Improve visibility and situational awareness for system operations in the Western Interconnection
Improve integration of renewable resources

TEP contracted with the energy consulting firm E3 to perform a study to evaluate the economic benefits ofTEn
participating in the energy imbalance market. The project analysis began in February 2016 and was completed
in December, 2016. Based on the results of the E3 study TEP estimates an annual benefit of approximately $2.5
million. However, it is expected that this benefit will diminish over time. TEP has started the process of
determining the relevant costs associated with joining the CAISO ElM market as well as evaluating what other
western ElM market options may be available.
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Regional lransniission (hgiuiizations

Seeing a need for greater coordination, a "Working Group" consisting of investor owned utilities, cooperative
power providers and public power entities was formed to consider and analyze potential alternatives to joining
the CAISO ElM. The objectives of the Working Group are as follows:

»

»

»

i v

l >

Determine economic benefits of potential alternatives and weigh opportunities for market
participation
Determine if the CAISO ElM and regulated markets in the Midwest and Mountain west offer certain
economic benefits related to more efficient utilization of generating assets and transmission
infrastructure
Evaluate operational benefits especially as they relate to renewable resource integration and system

regulation

Establish if EIM/Regulated Markets and certain alternatives may offer reliability benefits related to the
grid operations
Consider governance structure and implications for resource control

The Working Group discussed various options with the CAISO, the Southwest Power Pool, and the Mountain

West Transmission Group. Currently there is recognizable value to establishing a regional market. However,

the cost of joining or establishing a regional market have yet to be determined or fully evaluated. TEP will

continue to engage with market operators to determine the best path forward for its customers.

l\1;irkct l1II1(1.uneIu;ils
with the rapid increase in renewable resource penetration throughout the region, a transformation of market
fundamentals is currently underway and is changing how both load-serving entities and wholesale merchants
transact. As shown in the figure below, surplus solar output is causing a downward shift in market prices from
the hours of 8 AM to 4 PM.
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In addition to surplus renewable generation low cost shale gas production has also played a significant role in

transforming the supply and demand economics of natural gas. As we saw in 2015 and 2016, expanded natural

gas production from shale formations is directly impacting the economic viability of many caseload coal and

nuclear resources. Unlike renewables, most thermal plants like coal and nuclear, have higher operating costs

that cannot be fully recovered in the wholesale market. Thus, the ultimate effect of high penetrations of

renewables and low cost natural gas will likely be an accelerated retirement of older and higher cost coal and

nuclear resources. Alternatively, resources like natural gas combined cycle (NGCC] units that have much lower

capital and fixed costs are more competitive than coal and nuclear in todays wholesale power markets. This

competitive advantage will likely result in NGCC units displacing many coal and nuclear as caseload resources

since they are better positioned to maintain profitability in a market driven by low natural gas prices.

lincrgv Eiiiciencv

TEP recognizes energy efficiency (EE) as a cost~effective way to reduce our reliance on fossil fuels. To evaluate

EE in terms of TEP's overall resource portfolio, TEP determined the hourly savings of each individual EE

measure using widely used and recognized third-party load shapes and then aggregated them at the portfolio-

level by customer rate class. From these composite programlevel savings, TEP is able to analyze peak periods

to determine coincident and noncoincident peak demand savings. The level of energy savings was based on

compliance with the EE standard through 2020, excluding program credits, and an estimate of"achievable" EE
developed by the Electric Power Research Institute (EPRI) for all years after 2020. Then to evaluate EE as a

resource for replacement of generation, the specific types of measures being implemented are modeled like

other resources against the forecasted system load. The figure below provides a sample of how current EE
measures interact with TEP's system loads during a typical summer day. Using these results, TEP can target

measures that coincide with periods of high ramp rate, period dominated by high cost resources, or the system

peaks both daily and annually.
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A New Integration Appimicli to Resource l*lunning

with the increasing cost-competiveness of certain renewable resources, many resource planners are in the
process of integrating higher levels of renewable technologies as a complement to their existing conventional
generation fleet. Because of the unique challenges that high levels of renewable energy place on grid
operations, the 2017 liP takes a new approach in categorizing the capabilities for each type of resource in
order to better reflect the role these resources will play as the Company transforms its resource portfolio over
the next decade.

Load Modifying Resources - includes EE, distributed generation, and time of use tariffs, whose effects
are primarily "behind the meter" and are therefore, largely, if not entirely beyond the view and control
of the balancing authority.
RenewableLoad Sewing Resources - include both utility scale solar and wind technologies.
Conventional Load Serving Resources - include coal, nuclear and natural gas technologies that are
fully dispatchable and are used to supply the vast majority of the energy needed to meet load
Grid Balancing Resources - include natural gas combustion turbines, demand response, natural gas
reciprocating engines and storage technologies that are fast ramping and flexible, as needed to
maintain grid reliability.

The table below provides a brief overview of the types of resources that will be included and evaluated in the
resource planning process within the 2017 IP.

I

Type Primary UseCategory
Zero Carbon

Production

State of

Technology

Dispatchable by

Balancing Authority

Mature NoYes

Yes Mature

Energy Efficiency

Distributed

Generation

Load

Modifying

Resources

Rate Design (1)

Wind MatureYesLoad Serving

Renewable

Resources MatureSolar Yes

- s

YesMature
Natural Gas

Combined Cycle

Mature YesPulverized Coal

Load Serving

Conventional

Resources

YesYes Emerging

YesMature

Mature Yes

Mature Yes(1)

Small Modular

Nuclear (SMR)

Reciprocating

Engines

Combustion

Turbines

Pumped Hydro

Storage

Grid

Balancing

Resources

YesYes MatureDemand Response

Yes(1) EmergingBattery Storage

Base

Load Reduction

Intermediate

Load Reduction

Targeted Load

Usage/ Reductions

Intermediate

Generation

Intermediate

Generation

Base Load

Generation

Base Load

Generation

Base Load

Generation

5 10 Minute

Ramping

10 15 Minute

Ramping

1 Minute

Ramping

1 Minute

Ramping

1 Second

Ramping

(1) Carbon intensity is dependent upon the resources that would be displaced by this rate tariff or storage technology net of charging.
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Summary of the 2017 IP Reference Case Plan

TEP's 2017 IP Reference Case Plan continues the Company's longterm strategy of resource diversification by

taking advantage of nearterm opportunities to reduce its coal capacity, expanding the deployment of

renewable energy resources with a target of serving 30% of its retail load using renewable energy by 2030,

continued development and implementation of cost-effective EE measures, and the addition of highefficiency

natural gas resources.

\Planned Coal Plant Retirement

in September 2016, TEP acquired the remaining 50.5% share of Springerville Generating Station

("Springerville") Unit 1, bringing our total capacity at Springerville to 793 MW with full ownership and

operational control of Units 1 and 2. By 2018, TEP anticipates that it will reduce its coal capacity at San Juan

from 340 MW to 170 MW with the retirement of San Juan Unit 2. TEP will further reduce its overall coal

capacity by 168 MW with the recently announced retirement of the Navajo at the end of 2019.6 Finally, TEP

plans to exit San ]Ian entirely when the current coal supply agreement ends in ]ume 2022.

Planned Renewable Resource Additions

The 2017 Reference Case Plan includes two renewable energy projects that are planned to come online in 2019.

These projects consist of 100 MW of wind and 100 MWdr of solar PV that are currently in procurement as 20

year Purchased Power Agreements (PPAs]. An additional 800 MW of renewable capacity is planned to be

added to the system between 2023 and 2030, consisting of a diversified mix of solar PV (fixed axis and single

axis tracking), and wind.

Planned Grid Balancing Resource~

To support the system in light of this high penetration in intermittent renewable energy, and to provide

replacement capacity for the retirement of older, less efficient natural gas steam units at Sundt (Units 1 and 2),

it is assumed that TEP constructs approximately 192 MW of natural gas fired RICEs between 2020 and 2022.

Moreover, a number energy storage projects are planned to come on line between 2019 and 2021 to provide

additional renewable energy support and other ancillary services. These systems would likely be sized as 50

MW projects with a storage discharge capacity of 50 Mwh.

Planned Energy Efficiency Commitments

TEPs EE programs will continue to comply with the Arizona Energy Efficiency Standard that targets a

cumulative energy savings of 22 % by 2020. From 2021 through the end of the planning period, the estimated

annual savings in the 2017 Reference Case Plan are based on an assessment of"achievable potential" in energy

savings from EE programs conducted by the EPRI. By 2032, this offset to future retail load growth is expected

to reduce TEP's annual energy requirements by approximately 1894 GWh and reduce TEP's system peak

demand by 318 MW. A timeline of TEP's Reference Case Plan is presented below.

6 The 2019 retirement date is dependent upon receiving an extension of the lease agreement to allow for plant decommissioning prior to
expiration of the lease. Without an extension of the current lease, plant closure would need to take place as early as this year to allow for
decommissioning by the end of 2019.
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TEP's 2017 Reference Case Plan . energy Mix by Year (Gwh)
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TEP's 2017 Reference Case Plan - Portfolio Energy Mix

2017 Portfolio Energy Mix

Distributed Generation (DG), 4%

Utility Scale Renewable Resources, 7% A

J
Market Purchases, 9%

Natural Gas, 11%

Coal
Generation,

69%

2023 Portfolio Energy Mix

Distributed Generation _\
(DG) 5%

Utility Scale Renewable
Resources, 14%

iMarket Purchases 3% 4
Natural Gas,

28%

9-

2032 Portfolio Energy Mix

Distributed Generation
(DG) 5%

.

l

Utility Scale Renewable
Resources, 26%

Coal
Generation,

38%

Market Purchases, 5% Natural Gas, 26%

The portfolio energy charts shown above represents the energy resource mix to serve TEPs retail customers. wholesale

market sales are excluded from these results. By 2030 TEP's retail customers will be served from 30% renewables. This is

based on a combination of utilityscale and distributed generation resources.
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CHAPTER 2F
ENERGY DEMAND AND USE PATTERNS

i
I
I
II

Load lorecast

In the IP process it is crucial to estimate the load obligations that existing and future resources will be
required to meet for both short and long term planning horizons. As a first step in the development of the
resource plan, a long term load forecast was produced. This chapter provides an overview of the anticipated
long term load obligations at TEP, a discussion of the methodology and data sources used in the forecasting
process, and a summary of the tools used to deal with the inherent uncertainty surrounding a number of key
forecast inputs.

The sections in this chapter include:

> Company Overview: TEP geographical service territory, customer base, and energy consumption by
rate class

> Reference Case Forecast: An overview of the Reference Case forecast of energy and peak demand

used in the planning process

I> Wholesale Obligations: An outline of the firm system requirements for wholesale electricity sales

> Summary: Compilation of results from this analysis
I

l

I
l
I

i

I.
I

I
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Geographical Location and Customer Base
TEP currently provides electricity to more than 420,000 customers in the Tucson metropolitan area (Pima
County). Pima County has maintained positive growth over the last decade and is now estimated to have a

population of approximately 1,000,000 people.

Map 1 Service Area of Tucson Electric Power and UES Utilities
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Customer Growth
In recent years population growth in Pima County and customer growth at TEP have slowed dramatically as a
result of the severe recession and weak recovery. While customer growth is currently rebounding from its
recessionary lows, it is not expected to return to its prerecession level. Chart 1 outlines the historical (blue
bars) and expected (green bars] customer count and corresponding growth in the residential rate class from
2000-2032. As customer growth is the largest factor behind growth in TEP's load, the continuing customer
growth will necessitate additional resources to serve the increased load in the medium term.

Chart 1 Estiniulcd .l.l.:P (i1lsto1ii£1. Crmvth "00()"032
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Retail Sales by Rate (class

In 2016, TEP experienced a peak demand of approximately 2278 MW, with approximately 8,900 GWh of retail

sales. Approximately 66% of 2016 retail energy was sold to the residential and commercial rate classes, with

approximately 34% sold to the industrial and mining rate classes. Customer classes such as municipal street

lighting, etc. accounted for the remaining sales. Chart 2 gives a detailed breakdown of the estimated 2017 retail

sales by rate class.

(:h£i1.l 2 - Estim.mtl "U l 7Retail Sales (Gwh) Ir( by Rate Class

Other
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Reference Case Forecast

Metliodolovv
The load forecast used in the TEP IP process was produced using a "bottom up" approach. A separate monthly

energy forecast was prepared for each of the major rate classes (residential, commercial, industrial, and

mining). As the factors impacting usage in each of the rate classes vary significantly, the methodology used to

produce the individual rate class forecasts also varies. However, the individual methodologies fall into two

broad categories:

1)

2)

For the residential and commercial classes, forecasts were produced using statistical models. Inputs

include factors such as historical usage, weather (eg. average temperature and dew point)

demographic forecasts (e.g. population growth), and economic conditions [e.g. Gross County Product

and disposable income).

For the industrial and mining classes, forecasts were produced for each individual customer. Inputs

include historical usage patterns, information from the customers themselves (e.g. timing and scope of

expanded operations), and information from internal company resources working closely with the

mining and industrial customers.

After the individual monthly forecasts were produced they were aggregated (along with any remaining
miscellaneous consumption falling outside the major categories) to produce a monthly energy forecast for the
company.

After the monthly energy forecast for the company was produced, the anticipated monthly energy consumption

was used as an input for another statistical model used to estimate the peak demand. The peak demand model

is based on historical relationship between hourly load andweather, calendar effects, and sales growth. Once

these relationships are estimated, 60+ years of historical weather scenarios are simulated to generate a

probabilistic peak forecast.

l
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Reference Case RctaH linergy Forecast
As illustrated in Chart 3, after a period of relatively rapid growth from 2005 - 2008, TEP's weather-normalized
retail energy sales fell significantly from 2008 - 2016. As commodity prices remain weak, retail sales are
expected to continue to decline through 2017. As commodity prices begin to return to historical averages in
2020, mining load is expected to return to historical values and expand with the Rosemont mine project. After
2024 the growth in sales is dominated by residential and commercial sales growth at a level that is far slower
than the pregreat recession historical average.

Chart 3 Reference Case Retail Energv Sales, Wcatlicr Normalized Historical
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Reference Case Retail Energy Forecast by Rate Class
As illustrated in Chart 4, the Reference Case forecast assumes significant short term changes for the next few
years followed by slow, steady growth starting in 2024. However, the growth rates vary significantly by rate
class. The energy sales trends for each major rate class are detailed in Chart 4.

Chart 4 . Reference (asc Retail Fncrgv Sales by Rule Class ((,Wh)
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After experiencing consistent year over year growth throughout the past, both residential and commercial
energy sales fell or remained flat from 2008-2016. Both are assumed in the Reference Case to increase steadily
after 2017. However, industrial energy sales are assumed to increase much more slowly than those in either the
residential or commercial classes. in addition, mining sales are assumed to significantly fall in the coming years
due to low commodity prices. As these prices return to more historical averages, the current mining customers
are forecast to return to normal operations, as well as expand due to the Rosemont mine project.
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Re&wence(lnn2PeaklDenunui Forecast

As show in Chart S below, demand is expected to drop in 2017. This is largely caused by the mining class

curtailing load and an expected return of more normal peak weather. As the mining class rebounds and the

residential and commercial classes grow slowly and steadily, the retail peak demand is expected to grow. The

red and blue dashed lines represent extreme weather cases and are set at a oneinten year weather anomaly.
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Data Sources Used in Forecasting Process
As outlined above, the Reference Case forecast requires a broad range of inputs (demographic, economic,

weather, etc.) For internal forecasting processes, TEP utilizes a number of sources for these data:

i
i
l
l

»
»
l >
»
»
»

ITS Global Insight

The University of Arizona Forecasting Project

Arizona Department of Commerce

U.S. Census Bureau

National Oceanic and Atmospheric Administration
Weather Underground Forecasting Service

l

i

l

l

Risks to Reference' Case Forecast :ind Risk Modeling
As always, there is a large amount of uncertainty with regard to projected load growth. Some, but certainly not
all, of the key risks to the current forecast include:

l >
»

:

»
l >

1

1
i

no
»

Strength and timing of the economic recovery
Possible structural changes to customer behavior (Le. do postrecession customers have consumption

patterns different from those seen pre-recession?)

Volatility in industrial metal prices and associated shifts in mining consumption

Efficacy of EE programs (i.e. what percentage of load growth can be offset by demand side

management?)

Technological innovations (e.g. plug in hybrid vehicle penetration)
Volatility in demographic assumptions (e.g. much higher or lower population growth than currently
assumed)

Because of the large amount of uncertainty underlying the load forecast, it is crucial to consider the implications
to resource planning ifTEP experiences significantly lower or higher load growth than projected. For this
reason, load growth is one of the fundamental factors considered in the risk analysis process undertaken as part
of the 2017 lip. Specifically, the performance of each potential resource portfolio is analyzed through 100
simulations of potential load growth (along with correlated natural gas and wholesale power prices). A more in
depth discussion of this risk analysis process is provided in Chapter 11. In addition to the simulation analysis, a
more specific discussion of how resource decisions and timing would be affected in the case of sustained higher
or lower loads is provided in the Load Growth Scenarios discussed in Chapter 12.
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Firm Wholesale Energy Forecast
TEP is currently under contract to provide firm wholesale energy and capacity to five utility customers. These
firm obligations are in addition to TEP's commitment to serve its retail customers. The contracts stipulate
energy services to the four entities below:

»
»
»
»
l>

Navajo Tribal Utility Authority (NTUA) through December 2022
TRICO Electric Cooperative (TRlc0] through December 2024
Navopache Electric Cooperative (NEC) through December 2041
Toho ro O'odham Utility Authority (TOUA) through December 2019
Shell Energy North America L.P. ("ShelI"] through December 2017

TEP expected firm wholesale obligations are shown in Table 1 below. The contract with Salt River Project

(SRP) expired in the spring of 2016; it was not renewed. TEP signed a firm wholesale agreement with NEC in

the fall of 2015. Delivery services for NEC began in January 2017. A short-term contract with Shell expires at

the end of 2017. It is important to note contract extensions have not been assumed. However, there is a
possibility that any or all agreements could be extended. This would obviously require current resource plans

to be revised to account for the additional energy sales and peak summer load requirements.

Table 1 Firm Wholesale Requirements

2018 202120202019Firm Wholesale GWh

106 125

401401

284

402401401

125

187

401

110

74

401

115

75

401

120

136

402315

112

17

NTUA

TRICO

NEC

Shell

TOUA

Total Firm Wholesale 401686608 713 755

Peak Demand, MW

50 8585

NTUA

TRICO

NEC

TOUA

Total Firm Demand 129154158

I I I I I I
l l l u l u l n l n l u l n l l l u

$ l m l m l : ! ! m m l l l l ! l u
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Tucson Electric Power

luturo 1)Ii\ ere that May lnllucnr t the Longlerm Load Forecast
In addition to the macro-economic factors that are inherent in long-term load forecasts, future load growth will

be influenced by development of emerging technologies and the adoption of customer-driven technologies. One

such technology is electric vehicles (EVs). EVs could play a significant role in future years as both a load

requirement (charge mode] and a system energy resource (discharge mode). To achieve the most benefit from

electric vehicles in terms of grid operations and emission reductions, incentives are needed for daytime

workplace charging. A daytime charging incentive would enable customers to take advantage of low cost solar

resources during the day while simultaneously providing system discharge benefits to help manage realtime

grid requirements.

Furthermore, the utility of the future will be required to accommodate higher levels of distributed energy
resources and other grid innovations as the company transitions to a smart digital network. This strategy is
much different than how the distribution system has been managed in the past. At the core of these smart
network changes is the need for a digital communications network that will allow for intelligent electronic
devices to be installed on the distribution system by both customers and the utility. This communication
network will be managed through the use of a DMS that will process the information from these devices and
make decisions in a manner that optimizes grid operations for the benefit of the utility and its customers.

Finally, rate design will also need to evolve to offer customers more options and choices. Customers may want

to have access to realtime pricing tariffs in order to minimize their energy usage during high cost periods.

Other customers may want sign up for clean energy tariffs that incentive the use of zeroemission resources

such as renewables, DR, and EE. Other customers may want a demand and energy based rate tariff that would

enable them to take advantage of distributed energy resources and storage technologies. In any case, the ability

to collect and manage realtime grid data will be a critical milestone for utilities to achieve in order to provide

these types of services for customers in the future.

This next sections discusses some of these evolving technologies and discusses how the Company plans to

integrate them over the next few years as part of the ongoing IP planning process.
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Electric Vehicles
Nationwide, 2016 plug in electric vehicle sales were 159,139 units of 1.1 million light vehicles sold" for a 14%
market share. Plug in electric vehicles predominantly fall into two categories:

>
»

Battery Electric Vehicles (BEV) fully electric, battery only vehicles that do not consume fossil fuel
Plug-in Electric Vehicles (PEV) which have both an electric motor and an internal combustion engine
that burns fossil fuel

Jlfigur t - - Tesla l\1 m1<l :4
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An additional class of vehicle, the Hybrid Electric Vehicle (HEV), incorporates electric battery technology

similar to a PEV but notably receives its charge via regenerative braking and on-board charging via an internal

combustion engine. HEVs represent the largest share of electrified vehicles operating in Arizona at 1.1%, but

do not plug in to the electrical grid for charging and therefor are not considered a factor in future load growth

scenarios.

Of active vehicles registered in the state of Arizona, just 0.09% (6,260 vehicles) are PEVs or BEVs. Based on the

low adoption rate and total number of EVs in Arizona, it is reasonable to assume that EV adoption in the state

will continue to lag national high, medium, and low market penetration projections. This IP contemplates two

scenarios, an aggressive growth scenario and moderate base case scenario. Under the base case scenario EV

load projections remain below 1% through 2024 and reach 2.5% of load by 2030. The more aggressive

scenario reaches 1% by 2021 and ramps up to 5% by 2030.

figure 3- lllcctric \vliicl¢ Ilciiiuml S¢0ii.irios
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Future Adoption Rate Influencers
Much research around the country has gone into understanding the factors that underlie BEV and PEV
adoption. While many innovative programs and initiatives have been launched to support EV adoption, the two
most significant influencers of adoption rates are:

l >

»
Policy
Future advances in battery technology

Policy
The most clearly demonstrable influencer of EV adoption to date has been federal and state policy creating

incentives directly reducing the cost of EV purchases. States with highest incentives, such as California, Oregon

and Georgia, have reached EV adoption rates 2 to 4 times above the national average. At the state level,

incentive policies are dependent on public support and may be complimented by regulations such as

California's Zero Emission Vehicle program requiring automakers to achieve volumetric EV sales goals tied to

their total fleet sales numbers.

Battery Teclmologv
The opportunity that holds the greatest promise to increase future EV adoption rates is improvements to
battery and manufacturing technology that reduce the cost of batteries measured, in $/kWh. Industry analysis
ties the price point at which EVs are on parity with contemporary internal combustion engine vehicles to a
battery cost of $100/kWh capacity. The current cost of batteries is around $300/kWh capacity with claims the
2017 Tesla and Chevy Bolt will feature battery cells below $200/kWh.

Figure 4 - Tosl;\ l illiiuml<)n lliillery Production
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grid Impacts
Advancements in EV battery technology are dramatically increasing the range of these vehicles and driving

charging patterns towards evening, at home charging, which can be accommodated through existing

infrastructure via level 1 trickle charging using a standard 120v residential outlet. This pattern aligns with

TEP's current time of use based electric vehicle charging discount and creates a load pattern centered on late

evening off-peak power.

A second charging profile option would center on workplace charging and presents a future opportunity to

leverage power produced during low generationcost daylight hours. This daytime workplace charging profile

is not incepted under the current rate structure but could be promoted through a future tariff design and a

workplace charging station support program.

Figure 5 EV Charging Profiles
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Smart Grid

The Future of the Distribution Grid
Changes in the supply, demand, and delivery of electricity are remodeling electric distribution systems at most

North American utilities. Distributed Energy Resources (DERs) are leading many of these changes.

TEP is developing and analyzing strategies to enable these opportunities. The overarching strategy will help

TEP adapt to the changing landscape for regulated electric utilities.

TEP envisions a future that will accommodate DERS and other innovations into the existing network while

transitioning to a digital network. To accommodate DERs and other innovations, electric utilities need to do

more than make their distribution systems bigger. Instead, utilities need to make their distribution systems

smarter. Smart distribution systems provide flexibility, capability, speed, and resilience. These smart

distribution systems include new types of software, networks, sensors, devices, equipment, and resources. To

achieve new levels of economic value, these smart distribution systems operate according to new strategies and

metrics. with more DG resources being deployed on TEP's distribution system, higher demands and lower per

capita energy consumption is occurring today. This puts demands on the transmission and distribution systems

that were not contemplated in the original designs and requirements of the system. To meet these new

demands, new methods of operation and technology need to be developed and implemented. TEP is

investigating technology to add more sensing and measurement devices and new methods for managing and

operating the distribution system. This approach turns a distribution feeder into an effective micro grid

system.
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with increased demand and lower per capita energy consumption, new techniques and strategies need to be

developed and implemented to effectively manage costs. By adding additional measurement and sensing

capabilities, the situational awareness of the distribution system will be increased. The increased situational

awareness allows for real time operations and planning opportunities for efficiency and productivity changes.

To utilize the existing distribution system more efficiently, TEP is investigating the use of DERs, energy storage,

EE, and targeted DR capabilities in conjunction with optimization software. These improvements may reduce

the infrastructure additions required in the past as customer demand increased. This strategy is much different

than how the distribution system has been managed in the past. It requires the use of a bottom up planning and

design process that needs to be integrated with the IP process. New tools and capabilities will be required as a

result of the new opportunities envisioned.

At the core of these changes is the need for a communications network that allows for intelligent electronic

devices to be installed on the distribution system. The communications network allows for the backhaul of

information from the intelligent electronic devices to centralized software and control applications. Simply

collecting and displaying more sensing and measurement information won't provide the needed benefits. An

integrated approach to the installation of field devices, software applications, and historical data management
will be needed. A DMS is the central software application that provides distribution Supervisory Control and

Data Acquisition (SCADA), outage management, and geographical information into a single operations view. By

combining the information from all three of these systems into a single view, an electrical distribution system

model can be created for both real time applications and planning needs. The single view provides situational

awareness of the distribution system that has not been possible in the past. It also creates a platform from

which additional applications can be launched to continue to provide value and new opportunities. The

historical information also creates a new opportunity to drive value and decisions based on system

performance and dynamic simulations.

with the development of multiple distribution micro grid feeders and DER systems, the challenge of resource
dispatching will become more complex. A solution to dispatch across a fleet of resources of existing centralized

generation, purchased power from the market, and the intermittency of DER systems to customer demand will

be required. The speed with which the resource pool will need to change and optimize for efficiency and cost

will require the system to be automated. The distribution micro grid feeder concept is intended to help manage

the distribution level intermittency but would need to be monitored and managed by the automated system for

resource management. To manage such a large and dynamic system as outlined is a substantial challenge. This

type of automated system is not currently available within the utility industry.
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CHAPTER 3I
OPERATIONAL REQUIREMENTS AND RELIABILITY

l 1(>;1(1 and Resource Ac10qua(..v
A critical component of the liP planning process is the assessment of available firm resource capacity to meet
firm load obligations and to maintain a planning margin above a utility's forecasted load. As part ofTEP'slong
term planning process, the Company targets a 15% planning reserve margin in order to cover for forecasting
variances and any system contingencies related to unplanned outages on its generation and transmission
system.

fs "017 Loads .incl l{¢s<uircLTEl'Chart 6 Assessment - Existing Resources
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Chart 6 above illustrates TEPs existing resource portfolio compared to a retail load forecast which includes

firm wholesale and planning reserves. This loads and resource assessment includes significant coal and

natural gas generating unit retirements. San ]Ian Unit 2 will cease operations by December 31, 2017.

Preliminary studies performed by plant participants at Navajo Generating Station indicate that all 3 units could

be retired as early as year-end 2019. TEP is weighing its options to completely exit and terminate its

participation on San loan Unit 1 by the end of lune 2022. TEP is also committed to retiring and replacing its

older and less efficient natural gas steam generators at Sundt Generating Station.

The capacity reduction of these aging and costly units will require TEP to diligently secure costeffective
replacement capacity in the near future. Within 5 years TEP may need 800 MWs of replacement capacity. That
shortfall increases to approximately 1,200 MWs by the end of the 15year planning horizon. The emergence of
renewable resources, combined with evolving operational requirements, present challenges but also an
opportunity to build a resource portfolio that is economically and environmentally sound. TEP is responsive to
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its customers and dedicated to provide them safe, clean, and reliable power. This IP presents a Reference Case

Plan that achieves a target of 30% renewable generation by 2030. TEP is also committed to its EE programs

and is supportive of DG. The renewable target and EE/DG projections will be complimented with proposed

installations of Energy Storage Systems and RlCEs. The reduction of generation anticipated from TEPs

traditionally baseloaded coal units also necessitates the addition of natural gas combined cycle generation as a
replacement.

Table 3 summarizes TEP gross retail peak demands by year based on its September 2016 load forecast

projections. These demands are summarized by customer class and by the Company's assumptions on

coincident peak load reductions from DG and EE. in addition, TEP includes a summary of projected firm

wholesale customer demands along with demand associated with system losses. Table 3 also summarizes the

Company's reserve margin positions based on the capacity resources shown in Table 4.

Table 4 summarizes TEP's firm resource capacity based on its current planning assumptions related to its coal

and natural gas resources. Table 4 also reflects TEP's plan to source 30% of its retail energy needs from

renewable generation resources by 2030. Additional resources such as DR programs, short-term market

purchases, along with capacity sourced from its proposed battery storage project are also shown in the TEP

resource portfolio. The resource portfolio also includes the addition ofNGCC resources to offset coal unit

retirements and RlCEs to help mitigate intrahour intermittency and variability challenges introduced by

renewable resources.
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Typical Dispatch Profiles
The previous section described how the TEP Reference Case Plan will address peak hour demand. This IP,

more than previous ones, required additional analysis on the inter and intrahour demand requirements and

the response of the optimal resource mix. Chart 7 illustrates the manner in which existing resources were

routinely dispatched to meet anticipated load requirements during a summer peak-type day in 2016. The

figures do not represent the actual peak days; instead the demand profiles demonstrated in these figures are

a typical day representative of each respective season for 2016. In Chart 7, its clear that TEPs existing

renewable resources have already had an impact on the dispatch of its coal and natural gas resources.

Both Chart 7 and Chart 8 below are derived from a sample of actual production data. The area shown above
the 'Retail' line represents opportunity sales made to the spot market. Note that the current level of
renewable resources is creating a greater opportunity to make sales from coal and natural gas resources. Of
course, the depth of that opportunity may not always exist as renewable are creating this situation
regionally and not just for the utility. This creates pressure on regional power prices, which have remained
depressed over recent years, influenced by excess generation and low priced natural gas.

Chart 7 - 2016 Example Summer Day Dispatch
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In Chart 7 above, we observe that the high peak demand experienced in the summer can be met with
substantial market purchases and the utilization of existing peaking resources (gas turbines). The
contribution from renewables, in green, is shifting these traditional peaks further to the right and into the
evening hours. Increased solar generation is already creating a shift in gas and energy market forecasts.
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with capacity available for purchase, the gas and energy market price forecasts dictate that a part of TEP's

gas resources would be displaced. The portion of the gas resources that are not dispatched have traditionally

served as standby (reserve) capacity, thus serving a vital purpose in maintaining system reliability. This

displacement is also cause to reevaluate how coal and gas resources should operate and in some cases if

they're able to operate with redefined parameters. As demonstrated in Chart 7, TEP experiences its peak

demand at 4 to 5 PM in either ]fly or August. Increased penetration of solar PV is having the net effect of

shifting this peak to later hours, ultimately onto 7 to 8 PM as the sun sets. Meanwhile, system operators are

deploying their fastest ramping units upward to respond to the ramp-down of solar resources.

Chart 8 2017 lx.imple W inter l).iv Dispulc li
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The TEP winter load profile, as seen in Chart 8 above, differs significantly from the summer profile. The peak
demand experienced on weekdays in the winter is measurably lower than those seen in the summer. In the
winter months, the load peaks in the early morning hours and then again in the late evening. The dispatch
strategy in the winter differs significantly from the strategy in the summer. A different set of challenges
emerges with increased solar generation during the winter. A more pronounced 'duck curve' creates ramp
down and ramp up challenges, while also pushing the traditional base-load coal plants closer to their
minimum generation (and ultimately below).
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l

l

i

Balancing Authority Uperations
To describe TEPs utility operation with respect to the electric grid requires a review of electric grid

fundamentals. There are several interconnections on the North American continent - the Eastern, Electric

Reliability Council Of Texas Quebec, and the Western. These are each part of the North American Electric

Reliability Corporation (NERC), (see Figure 7). in addition Centro Nacional de Control de Energia (CENACE)

operates the national grid of Mexico. Within the Western Interconnection, there are 38 BAs (see Figure 8).

Each BA is responsible to balance loads and resources so that frequency remains at or near 60 Hz or 60 cycles

per second. This resource balance is important for the safe and reliable operation of supply side resources

and end use equipment. Simply put, a BA is the collection offloads and resources within a metered boundary,

connected to other BAs through transmission ties for the purpose of maintaining frequency. TEP's BA

boundary (see Figure 9) has 44 ties to our 7 adjacent BAs.

Figure 7 . NERC l 1itc1uiiilieclions
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Figure 8 Western Il\telcut1l1vclinn B;\l.n1ciI\;; .\11 lhu1.iUes

\ Western Interconnection Balancing AuthoritiesBoundaries ale upploximafe and for
illustrative purposes only.
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The primary quantity established by NERC for determining a BA's reliability performance is Area Control

Error (ACE). ACE is the instantaneous measure of a BA's ability to manage its load obligations and support

the interconnection frequency (see Figure 10). The following measures of ACE over time are the standards

that each BA is expected to meet:

Control Performance Standard ((:l'S )
CPS is a measure of a BA's ACE over time with respect to frequency. The BA helps frequency by over

generating when frequency is low, and under generating when frequency is high. This is known as having

ACE on the opposite side of frequency.

Bulaiiciiig Authority Act: Limit (BAAL)
BAAL is a measure of how long a BA remains with an ACE that is hindering frequency. It is understood that
no BA can always support frequency, but it is expected that a BA experiencing difficulties does not lean on the

interconnection longer than it takes to resolve the issue.

l)isturli;ince Control St;1ml;ircl [l)(:S)
DCS is a measure of a BA's ability to replace their generating resources following the unplanned loss of a

resource.

Frequency Response Measure (FRM)

FRM is a measure of a BA's ability to provide frequency response during a disturbance. Frequency response
typically comes from governor response on generators with capacity to increase output, inductive loads, and
more recently inverter technology connected to batteries or renewable sources with capacity to respond.

Figure10 Bniarlcing Area Function
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Reserves

Reserves are the key to providing a BA with the ability to respond to deviations in ACE and remain compliant

with the measures above. Reserves are often labeled by the function they are performing such as regulating

reserves for following load, contingency reserves for responding to a disturbance, frequency responsive

reserves that immediately respond to frequency excursions. Collectively they are referred to as Operating

Reserves. Reserves are also classified as spinning and nonspinning. Spin refers to generation that is online

but unloaded so that it can immediately respond to an event. The reserve classification of nonspin or

supplemental comes from generation that is not connected to the system but can be connected and

generating power within 10 minutes, such as a quick start turbine. Interruptible load contracts also fall into

this non-spin category. Non-spin is primarily used for disturbance recovery. With the proliferation of power

electronics, many utilities, reserve sharing groups, and regulating bodies recognize the value of storage

systems and head room on renewable systems which factor into the reserve calculation.

I
i

l

Load Following
Load following is generally characterized by a utility's ability to follow the load shape of its BA Area and

regulate power output changes over a five to ten minute timeframe. Load following is required to respond to

the changing conditions of electric supply and demand. Historically, utilities relied on a mix of conventional

generation resources tied into a utilities' Energy Management System (EMS) that provided Automatic

Generation Control (AGC) to manage their load following requirements. However, as renewable resources

become a larger part of the resource portfolio, changes in supply and demand conditions will become more

extreme and will happen more frequently. These changes require fast responding resources and demand side

shaping to accommodate the fluctuating resources as renewable penetration increases.

Regulation is used to reconcile momentary differences caused by fluctuations in generation and loads. The
primary reason for controlling regulation in the power system is to maintain grid frequency requirements
that comply with the NERC's Real Power Balancing Control Performance and Disturbance Control
Performance Standards. The benefit of regulation from storage technologies with a fast ramp rates are on the
order of two to three times that of regulation provided by conventional generation. This is due to the fact that
storage technologies have the ability to react to changes in system conditions in a matter of a minute or two
rather than several minutes. The black load demand line in Chart 9 shows numerous fluctuations depicting
the imbalance between generation and load without regulation. The thicker orange line in the plot shows a
smoother system response after damping of those fluctuations with regulation.

One of the new challenges with high levels of renewable penetration is the low load levels seen in the off

season belly of the duck curve (see Chart 10), as well as the large daily swings associated with the peak

season load shape. with loads being supplied by both DG and utility scale renewables the conventional

resources must be backed down to make room for the renewables, but then must ramp up to cover the peak

when the renewables are unavailable.
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Chart 9 - Effects of Load Regulation
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Another challenge to regulation with high levels of renewable penetration is intermittency. Moving cloud

cover and variations in wind, among other weather patterns, can cause large amounts of renewable

generation to drop out or return to service in mere minutes. These fast changes in renewable generation

require resources that can ramp up and down quickly and repeatedly in order to regulate and maintain

performance measures.

Many potential solutions to help mitigate this steep daily ramp up and down and inter-hour intermittency are
being explored and include:

»
»
l >
l >
i v

Cycling coal plants

Lowering the minimum operating levels of conventional plants

Investing in fast response generating technology

Investing in storage systems

Changing the load shape through rate design

Adjustments to Opeiuili lig Reserve
TEP maintains an amount of Operating Reserves greater than the minimum requirement, but had not
quantified the excess. Difficulties with regulation due to renewable intermittency led TEP's System Control to
study the intermittency and excess operating reserves. The result was a change to how TEP calculates and
carries Operating Reserve.

The purpose of the adjustment to Operation Reserves is to ensure a defined amount of excess reserves are

available at all times. The new calculation will require that additional Operating Reserves are carried in the

OnPeak hours and Off-Peak Hours. Excess Reserves meeting the new criteria were already available during

85% of hours in the year, but implementing this new criteria is necessary to ensure sufficient reserves are

available at all times.

TEP's Energy Management System takes the System Load, and depending on whether it is an OnPeak or Off-
Peak hour, multiply it by a variability margin. This amount is added to the Spinning Reserve Requirement,
which the System Operators monitor and maintain aroundthe-clock. They are also free to deploy this reserve
as necessary to maintain performance measures.

Frequcncv Response
Frequency response is an ancillary service requirement that is similar to regulation except that frequency
response automatically reacts to a system disturbance in seconds rather than minutes. Frequency
disturbances occur when there is a sudden loss of a generating unit or a transmission line outage disrupting
the load/resource balance. As a result, other generating resources that are online must respond to counteract
this sudden imbalance between load and generation and to maintain the system frequency and stability of the
grid. The first response within the initial seconds is called the primary frequency control. This response is the
result of the governor action on the generating units as well as storage systems which automatically increase
their power output as shown in the lower portion of Figure 11 below. This is followed by the longer duration
of secondary frequency controls. These responses are initiated by AGC that spans a half a minute to several
minutes shown by the dotted line in the lower portion of Figure 11. The combined effect of inertia and the
governor actions of online generating units determines the rate of frequency decay and recovery shown in
the arresting and rebound periods in the upper portion of Figure 11. This is also the window of time in which
the fastacting response of flywheel and battery storage systems excels in stabilizing the frequency. The
presence of fastacting storage assures a smoother transition to normal operation returning grid frequency
back to its normal range.
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Figure ll - Sequential Acli0l1s of Frequcncv Crmtruis
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Inertia
Generators and motor load provide the inertia of a system. inertia is the rotating mass of generators and

their prime movers, as well as motors and their load which oppose changes in frequency. The magnitude of

inertia in the system is changing as the industry moves from large centralized steam plants to more of a

distributed network of gas turbines and renewable systems. As the inertia declines, the rate of change of

frequency increases. The contribution to inertia from power electronics and their systems is still to be

quantified and is sometimes referred to as pseudo inertia.

V()l[Llgc Support
Another reliability requirement for electric grid operation is to maintain grid voltage within specified limits.

To manage reactance at the grid level, system operators need voltage support resources to offset reactive

effects so that the transmission and distribution system networks can be operated in a stable manner.

Normally, designated power plants are used to generate reactive power (voltampere reactive VAR] to offset

reactance in the grid. As power plants are displaced VAR sources need to be strategically placed within the

grid at central locations and by taking the distributed approach and placing multiple VARsupport storage

systems near large loads.
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Power Quality
The electric power quality service involves using storage to protect customer onsite loads downstream
(from storage) against short-duration events that affect the quality of power delivered to the customer's
loads. Some manifestations of poor power quality include the following:

»
l >
»
»

»

Variations in voltage magnitude (e.g.,short-term spikes or dips, longer term surges, or sags)
Variations in the primary 60hertz (Hz) frequency at which power is delivered
Low power factor (voltage and current excessively out of phase with each other)
Harmonics (i.e., the presence of currents or voltages at frequencies other than the primary
frequency)
Interruptions in service, of any duration, ranging from a fraction of a second to several seconds

Typically, the discharge duration required for the power quality use ranges from a few seconds to a few
minutes. Distributed storage systems can monitor grid power quality and discharge to smooth out
disturbances so that it is transparent to customers.

i t A I lJ|\Table 5 Services Te(An i i r \_.age Tech

Ancillary Services Target Discharge DurationStorage System Size
Minimum

Cvcles/Year

1- 100 MW Not Applicable
Load Following /

Ramping

250- 10,000Range: 10 - 40 MWRegulation

Range: 15 minutes to 60
minutes

Range: 15 minutes to 60
minutes

Not Applicable Not Applicable1 - 10 (MvAR)Voltage Support

Distribution Deferral 50- 100Range: 1 - 4 hours
500 kilowatts (kW) - 10

MW

10200100 kw- 10 MW 10 seconds - 15 minutesPower Quality

20 1005 seconds - 5 minutes10-100MWFrequency Response
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Distribution System Enhancements

Distribution Capacity Expansion

TEP's long term distribution system capacity requirements are being supported by strategically targeting
areas where new substations can be built, increasing existing substation capacity, and the optimizing the
replacement of ageing equipment.
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New l%8k\' Siilislalioiis
New 138kV substations have been identified in the Company's 10 year transmission plan. Historically,
justification for new substations in the 10 year plan have been driven primarily from capacity needs on the
distribution system. These new 138kVsourced distribution substations will not only help support and
increase system capacity, they will provide additional contingency support for the existing distribution
network. The new 138kV substations also align with long range plans of further utilizing the 138kV system to
directly source the distribution system. The 138kV transmission system is more reliable than the 46kV sub-
transmission system that is used to source a significant portion of the distribution system. These new
substations allow for more of the distribution system load to be sourced from a more reliable 138kV system.

l >
»
»
»
»
»
l >
l >

Benefits Realized from N ow Substations

Reduced peak loading on existing system
Increased capacity for future commercial, residential and light industrial development
Increased contingency support to improve system reliability and operational flexibility
Additional capacity can be utilized to identify and evaluate improved service for critical customers
Supports other technology integration such as remote switching control
Supports long term plans for 4kv system conversion to 13.8kV
Retirement of ageing substations where feasible
Reduces distribution system loses
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listing Substation Upgrades
Continued focus on utilizing the Asset Management Group to analyze and monitor all ofTEn's existing
substation equipment will help identify which ageing substation transformers are in need of replacement
throughout the system. Once the transformers have been identified for replacement, they are evaluated in
relation to current system conditions to determine a proper replacement strategy. In many cases, increased
transformer capacity and upgrades to a higher low-side voltage are required. Similar to what has been
described above, increased transformer capacity will improve operational flexibility and system reliability.
Additionally, installing new transformers with a 13.8kV lowside voltage aligns with long range plans for
upgrading the 4kv distribution system to meet existing standards.

ll<\ System (limiiwrsion

Initially, the 4kv system emerged as the primary distribution voltage to serve all residential and commercial
load within central Tucson. A majority of the 4kv system is sub-standard when compared to the Companys
13.8kV system, however, a full system conversion will be very labor and cost intensive.

Many of the existing components including cable, service transformers, poles, arms, and insulators must be
replaced to fully convert the system to 13.8kV. Efforts are underway for identifying a longrange plan for
system conversion and these plans will rely on projects identified above related to substation transformer
replacements.

I

i

I
»
»
l >
»
»

4 KV System Conversion Benefits
Opportunity for aligning system conversion with substation transformer changeouts
Increased circuit capacity with voltage conversion
Improved system reliability by creating stronger ties with the existing 13.8kV system
Increased contingency support will improve outage restoration time
Reduced system loses
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Clean Energy Standards

Beginning in 1999, with the Environmental Portfolio Standard, the Arizona Corporation Commission (ACC or

"Commission") has adoptedclean energy standards,which establish goals for all Arizona load serving entities

regulated by the Commission, such as TEP to (1) utilize renewable energy resources to meet a portion of its

retail load, and (2) design and implement EE programs to reduce some percentage of customer energy use.

These standards were intended to, and in fact have, accrued certain benefits to customers, as well as broader

society, including:

»

»

l >

Reduced emissions of greenhouse gases and other air pollutants though a reduction in fossilfuel-

generation

Reduced renewable energy unit costs by contributing to a larger and more certain market for
renewable energy manufacturers and installers
Reduced overall customer bills by promoting costeffective EE measures

Rcmw;ibl< Energy Standard Comply;mu~
The Renewable Energy Standard" (RES) sets forth a requirement for all Arizona load serving entities to meet
a percentage of their retail load using renewable energy resources. This percentage increases annually until

it reaches 15% in 2025. In 2017 the RES target for TEP will be approximately 621 GWh based on 7.0% of

2016 retail sales. TEP anticipates exceeding the annual requirement in 2017 and each year thereafter as part

of its goal to reach 30% of retail load using renewable energy by 2030.

Encrgv ffficientv Staiuliir ti tkiiiiplilimc
The Arizona Energy Efficiency Standard ("EE Standard") sets forth a requirement for all Arizona load serving
entities to achieve energy savings based on a percentage of the prior year retail load growing to a cumulative

load reduction of 22% by 2020. Table 6 shows TEP's progress towards meeting the standard annually. As of

the end of 2016, TEP has achieved the required savings and is poised to continue through 2017. In 2017

TEP's target for energy savings will be 204,341 Mwh, based on 14.5% of 2016 retail sales. For resource

planning purposes, TEP has assumed that it maintains compliance with Arizona EE Standard through 2020

when the program sunsets. Assumptions for EE savings after 2020 are addressed in Chapter 10.

° Renewable Energy Standard and Tariff A.C.C. R1421801
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While the RES and EE standard have produced real and tangible benefits as noted above, clean energy

standards applied at a statewide level are inherently inflexible and fail to take into account the unique

circumstances of different utilities. This creates inefficacies in resource acquisition and dispatch, which

ultimately results in higher costs passed on to customers. In the early years of these programs, when the

clean energy goals were modest, the impact of these inefficiencies was not significant. However, as these

clean energy goals approach higher percentages of the total retail load, TEP anticipates that the negative

impact of these inefficiencies will become more pronounced.

Proper consideration of cost and benefits of various resources is a fundamental function of integrated

resource planning. In fact, the IP provides the most holistic consideration of the very goals that clean energy

standards aim to achieve, while balancing the cost of achieving those goals. Since integrated resource

planning was reinstated in 2011, the goal of the IP has shifted from focusing on the least-cost portfolio to the

best case portfolio considering cost, environmental factors and reducing longterm risk.

Addressing clean energy standards within the IP would put the cost effectiveness of renewable energy, EE,

and DR on a level playing field with conventional resources based on their role in creating a lowcost, low-risk

resource portfolio. Adding to the logic of this approach is that many renewable energy technologies are at or

approaching parity with conventional resources, and cost effective EE remains the lowest cost resource.
Finally, IP tools are continually being adapted to account for emerging hourly and subhourly operational

issues that accompany certain renewable energy and DR products. Therefore, TEP believes that the IP

would be a better mechanism to develop utility-specific targets for clean energy standards than a statewide,

"one size fits all" Rulemaking.

Page - 67



Tucson Electric Power

Renewable Energy Integration
TEP is targeting a renewable portfolio that will supply 30% of its retail load requirement by 2030. This

aggressive target will come with its own set of challenges and it will require TEP to derive a balanced,

responsive, and diverse generation portfolio. This section will point out and explain the operational

challenges that TEP will face as it increases its use of renewable generation.

Operational Clial lenges

Historically, electric utilities with predominant air conditioning load set a peak demand between 4:00 PM to

5:00 PM on a summer day. The winter load requirements are lower than they are for the summer but the

challenges that emerge on a daily basis (with heavy solar penetration) are more pronounced. Chart 11 below

illustrates a sample winter day for TEP. On a typical winter day retail load tends to peak at day-break and

again after the sun sets and consumers turn on appliances and lighting.

Chart ll - Sample Operational (Qli.illcii;gcs luc to Solar Proiliulion
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The accumulation of solar PV introduces operational challenges on a daily basis. As we review Chart 11

above showing the load shape of a typical winter day, we make the following observations;

1.

2.

3.

4.

5.

Ramp Down - Absent solar PV the demand profile on a typical winter day includes a peak in the

morning and one in the evening. The morning peak occurs during the coldest hours as the sun rises

and while consumers wake homes and businesses are warmed and commuters head to work. The

retail load, on its own, would trend downward modestly as the sun rises and tracks along the

horizon. This rampdown was typically managed with coal and natural gas resources. The net effect

of addition solar PV will cause a more drastic rampdown. Fastresponse resources such as RlCEs,

will be required to manage this steep reduction in net load. These units will likely be prescheduled to

contribute to the morning peak and then utilized to ramp down to give way to the sun and solar PV.

Minimum Generation - As solar PV generation reaches its peak, and after ramp-down, generating

units must have the capability to generate at reduced output levels during the midday hours.

Modifications may be required on units to allow them to cycle off. If cycling is not an option for

generators, TEP must rely on market demand for excess thermal generation offtake or develop

strategies to dispatch below its minimum generation.
OverGeneration - The CAISO is already experiencing negative pricing for overgeneration during

peak PV generating hours. Adjacent utilities and entities have been the beneficiaries of this pricing.

The opportunity to charge Energy Storage Systems (ESS), such as batteries or hydro pumpedstorage

presents itself during these hours to take advantage of excess generation at low cost. Increased PV at

TEP will contribute to over-generation and will require innovative ideas and infrastructure to secure

the right mixture of resources.
Ramp Up - The sun begins to set, fast-responding resources must now ramp up to displace the

demand that solar PV relinquishes. Its at this point that a utility must utilize flexible resources to

equally offset the drop in solar generation. The rampup may be mitigated in the near term by

combustion turbines and natural gas combined cycle generators. As the rampup steepens, it may

necessitate the inclusion of ESS, RICE, and/or DR mechanisms.
Peak Shift - Solar PV will only reduce demand until the sun sets. This results in a narrowing and net

shift of peak demand. CAISO has also demonstrated escalated pricing in these evening and night

hours. While ESS charges during the 'over-generation' hours, this peak period may present an

opportunity to discharge these systems, especially if we observe a transformation of hourly peak and

offpeak pricing.

Solar PV has tremendous upside and arguably it may contribute to reduced losses, to apportioned capacity

reductions (generation and transmission), and to carbon emission reductions, among other benefits. We

recognize from the chart and discussion above that other challenges arise. As the sun is rising electric load

stabilizes and begins an ascent toward the peak. increased penetration of solar creates a rapid net drop in

load; TEP must have generators that are capable of ramping down at a fast rate. Most caseload units such as

coal and natural gas-steam are challenged to respond to this ramp down and subsequent ramp up. in

between we may be challenged with unit generation minimums and negative pricing.

The net reduction in load will create the need for rapid responding generators to regulate the initial steep

decline in load followed by an immediate rise. In a resource planning context, with the increasing penetration

of solar systems, we must take into consideration the right combination of resources to respond to the

variability and intermittency of renewable systems. A portfolio with a high penetration of solar and other

renewable may necessitate the installation of RICEs and/or storage in the form of batteries or natural gas.
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Shifting Net Peak
Chart 12 below represents a projected 2030 typical summer peak day for retail demand and the net retail
demand adjusted for varying levels of solar penetration as estimated in the Reference Case Plan. The chart
illustrates how increased penetration of solar PV and solar DG will shift the net peak retail demand from
approximately 4 PM to ultimately 8 PM. The net reduction in peak will not exceed the difference between the
demand demonstrated at 4 PM and the demand at 8 PM when the sun has already set. in fact, TEP anticipates
that approximately 350 MWs of PV and DG will be in service by yearend 2017. The impact of the current
solar portfolio is demonstrated in the chart below; net peak demand has already been reduced by and the net
peak is shifted to 7 PM.

The addition of 150 MWs prior to year~end 2020 will reduce the peak minimally but the time of peak will shift
further to the right and to 8 PM. After 2020, we observe that solar generation from PV and DG will have
negligible reduction to net peak at 8 PM. The contribution from solar generation toward demand reduction
will be constrained within the mid-day hours. Solar generation at levels demonstrated for 2025 and 2030 in
the chart, will only contribute toward energy production primarily while other resources must be deployed to
meet net peak demand.

(hrll2-Peaklhwnndl<uHrHuNiunlrwn1PV
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Weather Forecasting to Support Systtin llispntcli
Weather forecasting is utilized to reduce operating costs at TEP. There are different products that are used to

forecast the weather, but the main product TEP predicts the weather with is weather forecast models.

At TEP, we use a regional specific form of a Numerical Weather Prediction (NWP) model. A NWP model is a

numerical representation of the different land and atmospheric processes that affect the weather. The specific

version of the NWP model TEP uses is known as the Arizona Weather Research 8L Forecast (AZ WRF) model.

This model was created by the University of Arizona (UA), which was done so in partnership with TEP and is

maintained with continued support from TEP and a number of other utilities. This model is unique, because it

is a "highly customized" model that is specific to the southwestern United States (US). This is important,

because traditional weather forecast models do not take into account the terrain located throughout the

southwestern us.

The modifications the UA made to the model has allowed it to produce better forecasts than other weather

forecast models can. It is also run at a higher resolution than other weather forecast models are. This is done,

so small scale weather phenomena can be captured like the wind events clouds and monsoonal

thunderstorms created by the surrounding mountains. If we were to use traditional weather models weather

events are commonly either over or under forecasted.

Power forecasts are created by the UA for TEP, so TEP can easily take the forecast information and implement

it into its existing processes. This power forecast is an ensemble of multiple runs of the North American

Model (NAM), the Global Forecast System model (GFS) and the Rapid Refresh model (RR). The power

forecast also contains information that TEP gives the UA about the different utility and residential scale solar

and wind sites in the service territory. This model provides forecasts that range from 48 hours up to 7 days.

The model is run up to 8 times a day and is initialized with different data each time.

At this time TEPs Wholesale Marketing Department uses this power forecast to make decisions regarding

how much power to buy or sell at the real time and day ahead level.

|i
l
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Below are two examples of these forecasts. The first example is a forecast that covers all ofTEn territory's
utility-scale solar and the second example is a forecast that covers all ofTEn territory's utility-scale wind.
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TEP can see how and if the models that go into the power forecast agree by looking at the green shading seen

on the above forecasts. The confidence intervals represented on the forecasts are reliable through three days.

Past the three day mark, however, the forecast's confidence intervals become less and less reliable. A large

majority of the uncertainty apparent after three days comes from the uncertainty that is apparent in global

weather conditions.
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Environmental Regulations

Overv iew

The electric generating sector currently faces numerous regulations related to air quality, waste generation,
protection of waterways, and climate change. Fossil fuelfired power plants, particularly coal-fired power
plants, are significant sources of sulfur dioxide (SOn), nitrogen oxides (NOt), particulate matter (PM), and
carbon dioxide (COZ) as well as mercury and other hazardous air pollutants. These power plant emissions are
limited through several statutory and regulatory programs. As these regulatory programs have evolved, they
have had, and will continue to have important implications for public health, for the mix of U.S. generating
resources, and for economic growth by driving investment in new and cleaner technologies and contributing
to the retirement of the more inefficient and higher polluting plants. The discussion below provides a
snapshot of the major environmental regulatory programs facing the electric generating sector that may have
an impact on TEP.

Regional Haze
The EPA's Regional Haze Rule establishes a goal to reduce visibility impairment in Class l areas (National

Parks Monuments etc.) to natural conditions by 2064. Progress toward this longterm goal is measured in

10year planning periods. For each planning period, states must develop plans that establish goals and

emission reduction strategies for improving visibility by reducing emissions from sources located within

their respective jurisdictions. Because Navajo and Four Corners are located on the Navajo Indian

Reservation, they are not subject to state oversight; the EPA oversees regional haze planning for these power

plants. These state plans must achieve "Reasonable Progress" toward the 2064 goal, and are reviewed by EPA

in relation to that objective.

During the first planning period (20092018) the rule included an additional requirement referred to as Best

Available Retrofit Technology (BART). BART applied to certain industrial facilities built between August

1962 and August 1977. In the western U.S., Regional Haze BART determinations have focused on controls for

NOx, often resulting in a requirement to install selective catalytic reduction (SCR). Several plant owners

subject to BART determinations that called for SCR negotiated alternative to BART provisions in which

equivalent or greater emission reductions were achieved through unit retirements combined with other

measures in lieu of installing SCR. Final BART provisions applicable to plants owned by TEP are summarized

in Table 7 below.

i t ' ( lentsT.ililv 7 . Fi IBART NOx Pr0\iSi(lll\ l(ll Tl

BARTProvisions Alternative to BART Provisions
Plant

TEPOwnership I
Four Corners

7% of Units 4 and 5
110 MW

Closure of Units 13 by January 2014
SCR on Units 4 and 5 by August 2018

Plantwide emission rate of 0.098 lbs./MMBtu

SCR on all five units
One Unit (Unit 4 or 5) by October 2016

The remaining four units by October 2017
Plant-wide emission rate of 0.11 lbs./MMBtu

SCR on all four units
by September 2016

Emission rate of 0.11 lbs./MMBtu

SCR on all three units
Emission rate of 0.055 lbs./MMBtu

Closure of Units 2 and 3 by January 2018
SNCR on Units 1 and 4 by February 2016

Emission rate of 0.23 lbs./MMBtu
Closure of one unit by January 2020

SCR on the remaining units by January 2031
Emission rate of 0.07 lbs./MMBtu

Unit eliminates coal as a fuel source
Emission rate of 0.25 Ib./MMBtu

San Juan

50% of Units 1 and 2

340 MW
Navajo

7.5% of Units 13
168 MW

Sundt Unit 4
100%

120 MW

SNCR on Unit 4
Unit operates on coal or natural gas

Emission rate of 0.36 Ib./MMBtu
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Future planning periods will focus on a Reasonable Progress provisions. Reasonable Progress is an

evaluation on the cost effectiveness of emission reductions for a source based on four factors 1" and in relation

to the visibility improvement goals established by the State for that planning period. The plants that have

been subject to BART provisions are not likely to have further control requirements under Reasonable

Progress.

Springerville Generating Station was not subject to BART, and therefore, will be evaluated for emission

reductions under Reasonable Progress. According to the Arizona Department of Environmental Quality's

Proposed Regional Haze 5Year Progress Reportly, monitoring data from each of the 12 Class l areas in

Arizona shows that visibility conditions are expected to exceed their respective 2018 Reasonable Progress

goals for the 20% worst days. In addition, there are significant emission reductions expected over the next

several years due to the BART determinations for plants in and near Arizona.

One of the key metrics for measuring "cost effectiveness" under a Reasonable Progress evaluation is the cost

of the controls divided by amount of emission reductions achieved through implementation of those controls
(Le. $/ton reduced). The higher the S/ ton reduced value, the less likely that those controls will be

determined to be "cost effective". Springerville is currently well controlled for SOn NOx and PM emissions

(see Chapter 9), meaning there is not a lot of room for further reductions, and lower tons reduced increases
the $/ton reduced value.

Based on the States progress in improving visibly at Class I areas in the state, and the anticipated high cost of
achieving further emission reductions at Springerville, for purposes of this liP we assume no further
emission reductions will be required at Springerville through a Reasonable Progress determination.

(Amii Power Plan

On October 23, 2015, the EPA published a final rule regulating, for the first time, CO2 emissions from existing

power plants. In general, this final rule, referred to as the Clean Power Plan (CPP), aims to reduce COZ
emissions from U.S. power plants by 32% from 2005 levels by 2030. More specifically, the rule establishes

emission guidelines based on EPA's determination of the "best system of emission reductions", which states

and tribes (hereto referred to as "states") must use to set standards applicable to the affected plants in their

jurisdictions.

Arizona is one of 27 states challenging the EPA's rule making authority and Arizona has filed suit against the

EPA. On February 9, 2016, the United States Supreme Court issued a stay of the CPP,12 meaning that the rule

has no legal effect pending the resolution of the state and industry challenge to the rule. That challenge is

currently before the U.S. Court of Appeals for the D.C. Circuit, which heard oral arguments before an en banc

court on September 27, 2016. Notwithstanding the status of the litigation, the current Administration has

stated it plans to significantly modify, if not completely dismantle the rule.

While recognizing that the ultimate outcome of the CPP is highly uncertain, TEP believes it serves as an

appropriate proxy for incorporating COZ emission constraints into longterm planning. The CPP is a final

10 Clean Air Act Sec. l 69A(g)(1] in determining reasonable progress there shall be taken into consideration the costs of compliance the
time necessary for compliance, and the energy and nonair quality environmental impacts of compliance and the remaining useful life of
any existing source"
ii ADEQ Air Quality Division Proposed Arizona State Implementation Plant Revision Regional Haze SYear Progress Report September
201 S
12
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i
1

agency action and was promulgated under rules pursuant to the Clean Air Act. In addition, the CPP

establishes ambitious goals for emission reductions. Therefore, TEP will evaluate compliance with the CPP

for all portfolios studied in this IP.

(1)1) (lrcrview
The CPP establishes emission goals for two subcategories of power plants in the form of an emission rate

(lbs./MWh) that declines over the period from 2022 to 2030. Those subcategories are:

>

>

Fossil-fired steam electric generating units ("Steam EGUs") includes coal plants and oil and natural

gasfired steam boilers

Natural gasfired combinedcycle plants (NGCC]

Then using these rates "Subcategory Rates" and the proportional generation from steam EGUs and NGCC

plants in each state, the CPP derives state specific goals ("State Rates"). The CPP also converts these emission

rate goals to total mass [i.e. short tons) goals for each state. Each state is required to develop a State Plan that

will regulate the affected plants in their jurisdiction. TEP has effected plants in three separate jurisdictions,

Arizona, New Mexico, and the Navajo Nation, and therefore, would be subject to three State Plans. Table 8

below shows the applicable rate goals.
l

l .C P IB B l
l

2028-202920222024 2030+20252027CO; Rate (lbs/MWh)

1,671

877

1,305
771

1,soo
817

1,308
784

Subcategorized Rate - Steam EGUs

Subcategorized Rate - NGCC

1,074
1,203

1,263
1,435
1,671

1,149
1,297

1,500 1,380

1,031
1,146

1,305

State Rate Arizona
State Rate - New Mexico
State Rate - Navajo Nation

There are three primary forms of the State Plan available to states (with sub-options):

Rate Plants are required to meet an emission rate standard (lbs./Mwh) equal to the plant's

emissions divided by the sum of its generation and the generation from qualifying

renewable energy projects and/or verified EE savings. A rate plan could be

administered through the use of emission rate credits (ERCs), where sources with

emissions above the standard generate negative ERCs when they operate, and sources

with emissions below the standard (or no emissions) generate positive ERCs. At the end

of a compliance period, each affected plant must have at least a "zero" balance of ERCs.

Under the rate approach, states have the option of measuring compliance against the

State Rate or the SubcategoryRates.

Mass Plants are allocated (or otherwise acquire) allowances, the total of which equals the
states mass goal, and each plant must surrender an allowance for each ton of COZ
emitted during a compliance period. Owners of plants that do not have sufficient
allowances can reduce emissions by curtailing production re-dispatching to a lower
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emission resource or retiring the plant and redistributing allowances to their
remaining plants.

State Measures Instead of regulating power plants directly, a state could implement policies that will

have the effect of reducing emissions in their state such as building codes renewable

energy mandates or EE standards. Compliance is measured based on emissions from

the affected plants.

Arizona
The State of Arizona was proactively planning for CPP compliance; however planning activities were put on

hold after the presidential election. Much of the planning was done with the assistance of a Technical

Working Group, formed to evaluate technical aspects of the plan.

The State of Arizona has previously stated it is committed to developing a State Plan and in preparing for the

initial plan submittal, ADEQ organized the options for the form of a State Plan into subsets of Rate or Mass,

with the intent to focus on the most likely options.

avalo Nit lull
In the proposed Federal Plan and Model Ruleslii EPA asked for comments on whether it was "necessary or

appropriate" to regulate EGUs on the Navajo Nation under the CPP. EPA has not taken action on its proposal

and it is uncertain when or if it will take final action. [f the EPA determines that it is inappropriate or

unnecessary to regulate EGUs on the Navajo Nation then TEP will be relieved of any CPP requirements for

the Navajo Generating Station and the Four Corners Power Plant. If EPA elects to proceed with regulating

these EGUs under the CPP it is likely that the Navajo Nation would adopt a mass-based approach to CPP

compliance. Under a massbased approach, the excess allowances associated with TEP's ownership share of

the retirement of the Navajo at the end of 2019 would be sufficient to cover emissions associated with the

remaining plant (Four Corners) through its planned retirement in 2031.

\Lew Mexico
Rather than be subject to a Federal Plan the State of New Mexico is likely to submit a State Plan SIP as well,

believing that a New Mexico developed plan will provide the flexibility needed to minimize costs passed on to

its residents. TEP assumes that New Mexico would also adopt a mass-based approach to CPP compliance.

Under a massbased approach the excess allowances associated with TEP's ownership share of the

retirement of the San Juan Unit 2 at the end of 2017 and the exit from Unit 1 in 2022 would be sufficient to

cover emissions associated with the remaining New Mexico plant (Luna) well beyond the planning period.

13 Federal Plan Requirements for Greenhouse Gas Emissions for Electric Utility Generating Units Constructed on or Before January 8
2014; Model Trading Rules; Amendments to Frame Regulations Proposed Rule [80 FR 64966] dated October 23 2015.
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PAul{ (.lob.iI Arizona CPP Annlvsis
To help evaluate the relative benefits of Rate versus Mass for Arizona, the Arizona utilities hired PACE Global

("PACE") to conduct a modeling assessment of the relative compliance position compared to the State Rate

and Mass goals based on a base case outlook. The results 15 of that assessment indicate that Arizona would

likely fall short of the allowances needed to cover emissions using a mass approach. However, Arizona was

able to meet the rate goals for the vast majority of the compliance period studied. A rate-based plan, in

general, better accommodates the need to meet future load growth with existing plants, and the subcategory
rate approach is generally considered better for resource portfolios with a high percentage of coalfired
generation.

14 Ibid ADEQ "EPAs Final Clean Power Plan: Overview Steve Burr AQD SIP Section September 1 2015.
is More information can be found at ADEQ's website .
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Based on the PACE work TEP believes that Arizona is most likely to adopt a subcategorized rate approach for

CPP compliance, therefore planning portfolios studied in this IP will be evaluated for CPP compliance under

a subcategorized rate approach.
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National Ambient Air Quality Standards
A core element of Clean Air Act is the establishment of National Ambient Air Quality Standards (NAAQS).
NAAQS are levels of air pollution in the ambient air that are determined to be protective of the general public
(including sensitive populations) with an adequate margin of safety. NAAQS have been established for six
specific criteria pollutants (ozone, particulate matter sulfur dioxides, nitrogen oxides, lead, and carbon
monoxide). NAAQS have two components: primary standards to protect public health and secondary
standards to protect public welfare and the environment. NAAQS are implemented through enforceable
source specific emission limitations and other air quality regulations established by states via State
Implementation Plans (SIPs). The SIPs detail each state's strategy to "attain" or "maintain" the NAAQS.

The CAA requires EPA to review and, if appropriate, revise each NAAQS every five years. These revisions

often result in more stringent standards, which may lead to further restrictions of emissions from power

plants and other sources.

In 2015 EPA revised the primary NAAQSs for ozone, lowering the standard to 70 parts per billion (ppb).
Within one year following promulgation of a standard, States and Tribes are required to submit to EPA
recommended boundary designations for the attainment status (i.e. attainment nonattainment,
unclassifiable) of areas within their jurisdictions. Arizona submitted its recommended boundary
designations in September 2016 recommending that two distinct areas be designated as nonattainment. TEP
has no operation near the Yuma nonattainment area. The MaricopaPinalGila nonattainment area is
delineated on Figure 13 below.

figure 13 I\1.irii.op.al'ili.\l 1.11.1 \oii.i1tiininent Aron Boundary
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The Gila River Generating Station is located just within the boundary of the Maricopa-Pinal-Gila
nonattainment area and is therefore, subject to nonattainment provisions of the Clean Air Act. Gila River Unit
3, partially owned by TEP, is equipped with SCR for control of NOx emissions, and therefore, is not expected
to be subject to any further emission reductions due to the area's nonattainment status. However, any
expansion or significant modifications to the facility would trigger the requirement to upgrade to Lowest
Available Emission Reductions (LAER] standards and offset any increase in emissions at a ratio greater than
1:1.

The Tucson metropolitan area was designated as in attainment per Arizona's recommendation to EPA, with a
maximum monitored ambient air quality concentration of 69 ppb. Therefore, new sources, and modifications
of existing sources, will not currently be subject to nonattainment provisions. Attainment status is monitored
on an annual basis. If future monitoring data indicates that ambient air quality in the Tucson metropolitan
area exceeds the ozone standard, Arizona would be required to revise its nonattainment boundary
designation.

Power Gcmmitioii and Water l{cs<nlrces

Water availability is a major issue for utilities operating power plants, or planning new resources in the
Desert Southwest. For facilities already in operation, utilities need to be cognizant of water use and supply
trends in the area immediately surrounding those facilities. While existing facilities have likely secured the
legal rights to the water needed for operation, there can be a disconnect between the legal right to water and
its physical availability. For this reason technologies and strategies to decrease power plant water use can
become an important planning goal within the integrated resource planning process. Reducing power plant
water use can be accomplished either through shifting to a lower water use generating resource or through
increasing power plant water use efficiency. This section provides an overview ofTEn's water use at its
existing generating facilities and discusses our strategy to reduce overall water consumption.

Chart 16 presents the historical annual water use associated with TEP's share of ownership for its steam

electric and NGCC generating plants and the source of that water (i.e. surface water or groundwater).

Chart 16 - Average Annual Water Consumption by Station (TEP Share)
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Power Generation and Water Impacts at l<esoi11co Diversification
TEP's resource diversification strategy replaces generation from higher water use coalfired resources with a
corresponding amount of generation from lower water use NGCC plants and zerowater use renewable
resources. See Chart 17 below for average water consumption rates for various electricity generation
technologies. Based on these water consumption rates TEP's resource diversification will result in lower
water consumption for power generation overall.

Lhart 17 - Life Cycle Water Use for Power Gener.uiun1"
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However, water consumption has a localized environmental impact as well. The availability of water that is

withdrawn from surface waters, as in the case of the Navajo Generating Station (Lake Powell), the Four

Corners Power Plant (Morgan Lake and the San loan River), and the San ]Ian Generating Station (San ]Ian

River), is highly dependent on precipitation and snow pack, as well as other uses. TEP's reference case

portfolio calls for retirement of or exit from each of these facilities within the planning period, with the

l° Adapted from Meldrum et. al. "Life cycle water use for electricity generation: a review and harmonization of literature estimates"
published March 3 2013 . . .
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majority occurring within the next six years, which significantly reduces and eventually eliminates any risk of
water availability for power generation from surface waters.

The availability of water that is withdrawn from groundwater aquifers, as in the case of Springerville, Sundt,
Gila River, and Luna power plants, is dependent on the recharge to and other withdrawals from the aquifer,
but is also a function of the hydrogeological characteristics of the aquifer itself.

At Springerville, it is to TEP's advantage by virtue of an agreement with a local Native American Tribe, to
limit withdrawals of groundwater at the plant to 20,000 acrefeet annually. Therefore, there are water
conservation measures in place at the plant, and TEP is exploring additional water conservation and reuse
measures The cooling towers for Units 1 and 2 operate at high cycles of concentration, up to 13 cycles before
slowdown, which reduces the amount of water used per unit of energy generated. In addition, TEP recently
hosted a pilot study at Springerville" to demonstrate a new technology for reducing wastewater discharges
through vapor recompression, which also produces a distillate that could be recirculated back to the plant.
Additional technologies are being considered for demonstration projects.

Luna reduces groundwater withdrawals by supplementing the well water with treated municipal wastewater
provided by the City of Deming, New Mexico. Luna is able to satisfy, on average, 12% of its total water
demand from municipal wastewater.

Gila River Generating Station is located west of Phoenix, Arizona (in proximity to the Palo Verde Nuclear

Generating Station). In this area there is over 6,000 MW of existing NGCC capacity that is likely to see a

significant increase in generation as utilities like TEP replace coalfired generation with generation from

NGCC plants. These facilities are too far apart to have a direct impact on each other in terms of groundwater

availability; however, the expected increased water use as a result of increased generation needs to be

evaluated.

For the lip, TEP will include for each portfolio the change in water consumption over the planning period.
For the Reference Case Plan, the IP will chart the annual amount of water consumed for power generation
along with the source of the water (surface water or groundwater). increasing water consumption within
either of these source categories will be weighed as a risk factor for that portfolio.

iv Electric Power Research Institute (EPRI) in partnership with Tucson Electric Power Salt River Project and TriState Generation and
Transmission AVARA Wastewater Treatment Demonstration at Springerville Generating Station, anal results pending.
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CHAPTER 4r
A New integration Approach to Resource Planning

l

l

l

With the increasing cost-competiveness of certain renewable resources, many resource planners are in the
process of integrating higher levels of renewable technologies as a complement to their existing conventional
generation fleet. While some renewable technologies have achieved notional "grid parity" under certain
conditions, such comparisons do not take into account the cost of system integration. As a result, today's
resource planning efforts are now focused on integrating new "grid balancing" technologies that will enable
them to take advantage of higher levels flow cost, clean renewable energy.

l
l

l

lll

Historically, utility planners classified traditional generation resources into four categories based on their
dutycycle and their ability to serve load. These categories were referred to as base load, intermittent, load
following and peaking. As part of the 2017 IP, TEP takes a slightly different approach to categorizing the
capabilities for each type of resource in order to better describe how these resources will play a role as the
Company transforms its resource portfolio over the next decade.

The four categories are described in more detail below:

Figure 14 - New Resource Categories to Meet Tomorrow Resource Needs
l

I

Load Modifying
ss

Load Serving
Renewable
Resourcesl
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Load Modifying Resources
Load modifying resources includes EE, DG, and time of use tariffs, whose effects are primarily "behind the

meter" and are therefore, largely, if not entirely beyond the view and control of the balancing authority.

While both EE and DG resources reduce a customer's net consumption solar PV grid systems can over

generate during the day in hours when a customers usage is less than the solar production output.

Renewable Load Serving Resources
Renewable load serving resources are comprised of both utility scale solar and wind technologies. Both grid

scale solar photovoltaics and wind are currently the lowest cost resources from an "energy only" basis. As

part of the Company's 2017 IP, TEP plans to add approximately 800 MW of additional solar and wind

resources to its generation portfolio over the next fifteen years. While utility scale solar and wind will give

TEP the opportunity to develop a transformed portfolio of lowcost, zerocarbon resources, these
technologies must be balanced within a portfolio of conventional load serving and grid balancing resources.

Lonvcntional Load Serving Resources
Conventional load serving resources are comprised of coal, hydro nuclear and natural gas technologies that

are used to serve the vast majority of the energy dispatched to meet load.

(grid Balancing Resources
Grid balancing resources include natural gas combustion turbines, DR, natural gas reciprocating engines and

storage technologies. These grid balancing resources will be used for peak shaving, energy arbitrage and can

be used by the balancing authorities to maintain grid reliability.
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Resources Matrix
Table 9 provides a brief overview of the types of resources that were evaluated in the resource planning

process within the 2017 IP. Each technology is described by category, type, carbon profile, state of

technology, primary use and whether it can be dispatched upon demand.

Table 9 Resource Matrix

l l!
Primary UseTypeCategory

Zero Carbon

Production

Dispatchable by

Balancing Authority

State of

Technology

1
NoMatureyes

Yes Mature

Energy Efficiency

Distributed

Generation

Load

Modifying

Resources

Mature(1)Rate Design

MatureYesWindLoad Serving

Renewable

Resources yes MatureSolar

- n

YesMature
Natural Gas

Combined Cycle

YesPulverized Coal Mature

Load Sewing

Conventional

Resources

YesYes Emerging

YesMature

Yes

I I
YesMature(1)

Small Modular

Nuclear (SMR)

Reciprocating

Engines

Combustion

Turbines

Pumped Hydro

Storage

Grid

Balancing

Resources

YesYesDemand Response

Yes(1)Battery Storage Emerging

Base

Load Reduction

Intermediate

Load Reduction

Targeted Load

Usage / Reductions

Intermediate

Generation

Intermediate

Generation

Base Load

Generation

Base Load

Generation

Base Load

Generation

5 10 Minute

Ramping

10 15 Minute

Ramping

1 Minute

Ramping

1 Minute

Ramping

1 Second

Ramping

(1) Carbon intensity is dependent upon the resources that would be displaced by this rate tariff or storage technology net of charging.

R e s o urc e  B e nc hmarking

Utility resource planning is performed using a wide spectrum of tools and methodologies. Prior to running

any detailed simulation models, the resource planning team reviewed sources of information from third

parties and consultants to develop upto-date cost parameters for the varying resource technologies. In

addition, information gathered through our ongoing competitive bidding processes and request for proposal

solicitations was also used to derive cost estimates for new build resources and wholesale market

alternatives.
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Source Data
Below is a list of sources that TEP relied on to compile cost input assumptions for traditional supply-side,
demandside and renewable resources modeled in the 2017 liP:

> PACE Global

Pace Global Future States of the World Integrated Resource Planning Scenarios (December 2016)

See Appendix A

> Burns and McDonnell
2017 Flexible Generation Technology Assessment (March 2017]

See Appendix B

> u.s. Energy Information Administration

Annual Energy Outlook 2017 (August 2016)

> National Renewable Energy Laboratory
Renewable Electricity Futures Study (2016)

> Sunshot Initiative

> Lazard
Levelized Cost of Energy Analysis 10.0 (December 2016)

> Lazard and Enovation Partners
Levelized Cost of Storage Analysis 2.0 (December 2016)
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lazard's Lcvelizcd (lost of Energy Analysis

" l \ \
l
i
l

Overview on Conventional and Alternative Energy Teclinolo
The following analysis was published as part of Lazards Levelized Cost of Energy (LCOE) Analysis.1" This

2016 report compares the various conventional and alternative energy technologies.

Certain alternative energy technologies such as wind and utilityscale solar continue to become more cost

competitive with conventional generation technologies in some applications, despite large decreases in the

cost of natural gas. Lazard's analysis does not take into account potential social and environmental

externalities or reliability- or intermittency-related considerations.

Despite a sharp drop in the price of natural gas, the cost of all forms of utilityscale solar PV and utilityscale
wind technologies continue to remain competitive with conventional generation technologies as illustrated
by recent public announcements of bids submitted by renewable energy providers in open power
procurement processes.

I
i

Currently, rooftop solar PV is not cost competitive without significant subsidies due, in part to the small-

scale nature and added complexity of rooftop installations. However the LCOE of rooftop solar PV is

expected to decline in coming years partially as a result of more efficient installation techniques, lower costs

of capital and improved supply chains. Importantly, Lazard excludes from their analysis the value associated

with certain uses of rooftop solar PV by sophisticated commercial and industrial users such as demand

charge management which appears increasingly compelling to certain large energy customers.

The pronounced cost decrease in certain renewable energy technologies, combined with the needs of an

aging and changing power grid in the U.S., has significantly increased demand for energy storage technologies

to fulfill a variety of electric system needs. Industry participants expect this increased demand to drive

significant cost declines in energy storage technologies over the next five years. increased availability of

lower-cost energy storage will likely facilitate greater deployment of renewable energy technologies. Energy

storage applications and costs are discussed below.

l

i
l
l
l
l

is Lazard is a preeminent financial ad\ ivory and asset management firm. More information can be found at hltpsu'/www.Iazard.com Lazards

Levelized Cost Of Energy Analysis 10.0 can be found at https://www.lazard.com»mediaJ43X038."levelizedcostoficncrm v l00.pdl
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Lazards Levelized Cost oiStorage Analysis

Overview on Energv Storage Technologies
The follow analysis was published as part of Lazard's Levelized Cost of Storage (LCOS) Analysis!" This 2016

report compares the various energy storage technologies by cost and use. Energy storage has a variety of

uses with very different requirements, ranging from large-scale, power grid-oriented uses to small~scale,

consumeroriented uses. Lazard's analysis identifies a number of"use cases" and assigns detailed operational

parameters to each. This approach enables meaningful comparisons of storage technologies across a number

of use cases.

Cost Competitive Storage Technologies
Select energy storage technologies are costcompetitive with certain conventional alternatives in a number of
specialized power grid uses, but none are costcompetitive yet for the transformational scenarios envisioned
by renewable energy advocates.

Although energy storage technology has created a great deal of excitement regarding transformational

scenarios such as consumers and businesses "going off the grid" or the conversion of renewable energy

sources to caseload generation, it is not currently cost competitive in most applications. However, some uses

of select energy storage technologies are currently attractive relative to conventional alternatives, these uses

relate primarily to managing frequency regulation and transmission investment deferral.

Today, energy storage appears most economically viable compared to conventional alternatives in use cases

that require relatively greater power capacity and flexibility as opposed to energy density or duration. These

use cases include frequency regulation and-to a lesser degree-transmission and distribution investment

deferral, demand charge management and micro grid applications. This finding illustrates the relative expense

of incremental system duration as opposed to system power. Put simply, "battery life" is more difficult and

costly to increase than "battery size." This is likely why the potentially transformational use cases such as full
grid defection are not currently economically attractive-they require relatively greater energy density and

duration, as opposed to power capacity.

The Lazard study finds a wide variation in energy storage costs, even within use cases. This dispersion of costs
reflects the immaturity of the energy storage industry in the context of power grid applications. There is
relatively limited competition and a mix of "experimental" and more commercially mature technologies
competing at the use case level.

1<> Lazards Levelized Cost Of Storage Analysis 1.0 can be found at
Lazard s Levclizcd Cost ()fStorage Analysis *.() can be found al
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I
I

l

ligature Energy Storage IN 1 sl licker tniscs

Industry participants expect costs to decrease significantly in the next five years, driven by the increasing use

of renewable energy generation, government policies promoting energy storage and the needs of an aging and

changing power grid.

Industry participants expect increased demand for energy storage to result in enhanced manufacturing scale

and ability. The economies of scale created will drive cost declines and establish a production cost cycle in

which energy storage cost declines facilitate wider deployment of renewable energy technology. The result

will create more demand for storage and spurring further innovation in storage technology.

Cost declines projected by industry participants vary widely between storage technologies- lithium is

expected to experience the greatest five year battery capital cost decline (~50%], while flow batteries and lead

are expected to experience five year battery capital cost declines of~40% and ~2S%, respectively. Lead is

expected to experience 5% five year cost decline, reflecting the fact that it is not currently commercially

deployed.

The majority of near to intermediate- cost declines are expected to occur as a result of manufacturing and

engineering improvements in batteries, rather than in balance of system costs. Therefore, use case and

technology combinations that are primarily batteryoriented and involve relatively smaller balance of system

costs are likely to experience more rapid levelized cost declines. As a result, some of the most "expensive" use

cases today are most "levered" to rapidly decreasing battery capital costs. If industry projections materialize,

some energy storage technologies may be positioned to displace a significant portion of future gasfired

generation capacity in particular as a replacement for peaking gas turbine facilities, enabling further

integration of renewable generation.

Page - 91



Tucson Electric Power

2017 Integrated Resource l'l;in IQ\c'lizct1 Cost (Loinpnrisons
The calculation of the levelized cost of energy provides a common measure to compare the cost of energy

across different demand and supplyside technologies. The LCOE takes into account the installed system

price and associated costs such as capital, operation and maintenance, fuel, transmission, tax incentives and

converts them into a common cost metric of dollars per megawatt hour. The calculation for the LCOE is the

net present value of total costs of the project divided by the quantity of energy produced over the system life.

Because intermittent technologies such as renewables do not provide the same contribution to system
reliability as technologies that are operator controlled and dispatched, they require additional system
investment for system regulation and backup capacity. As with any projection, there is uncertainty about all
of these factors and their values can vary regionally and across time as technologies evolve and fuel prices
change. Further resource utilization is dependent on many factors; the portfolio mix, regional market prices,
customer demand and must-run requirements are some considerations outside of LCOE.

»

»

»

LCOE Assumptions - All Resources
All LCOE costs are in 2017 dollars. Future year costs will be based on year project is installed which

will incorporate inflation and technology innovation assumptions.

Analysis excludes integration costs (e.g., grid and conventional generation investment to overcome

system intermittency) for intermittent technologies.

Analysis does not include any decommissioning costs.
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Chart Zi Load Modilving Resources .. CostAssulnptions
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l

LCOE Assumptions for Load Modifying Resources
»

»
l >

Energy efficiency based on TEP's projected program costs based on the average lifetime of the
programs.
Solar PV - Residential based on Lazard's LCOE Analysis - Version 10.
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2017 Integrated Resource Plan

Chart 22 . Renewable Load Serving Resources - Cost Assumptions
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LCOE Assuinptions for lioarl Serving Resources -
ITC and PTC shown are for 2017 in service dates (commence construction prior to 12/31/16).

Solar resources assume high solar insulation for projects sited in the Desert Southwest.

Wind resources assume no ITC. PTC reflects $23/MWh escalated at 1.5% for a term of 10 years.

Capacity factors reflect projects sited in Eastern Arizona or Western New Mexico.

Transmission wheeling costs are not reflected in cost of delivery for both solar and wind projects.
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2017 Integrated Resource Plan

Chart 23 -Conventional Load Serving Resources - 2017 LCOE S/MWh
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LCOE Assumptions for Loath Serving Resources - C<)nvention;1l
Natural gas prices are based on PACE Global's Base Case (Clean Power Plan) Scenario that assumes

prices will average $5.04/mmBtu from 2017 through 2032.

Conventional resources do not include any decommissioning costs.
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l
l

Chart 24 - Grid Balancing Resources - Cost Assumptions
i
l
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Natural gas prices are based on PACE Global's Base Case (Clean Power Plan) Scenario that assumes
prices will average $5.04/mmBtu.
Reciprocating engines are assumed to be dispatch with natural gas at a 20% capacity factor based on
TEP's resource portfolio with emphasis on supporting the integration of renewable resources.
Assumes replacement cost of 65% of initial capital after 25,000 hours of operation.
DLC costs are based on average estimated program cost of third-party load aggregators. Annual
capacity factors based on limited customer interruptibility. These programs assume a limit of 30
interruptible events dispatched over 6 hours totaling 180 hours per year (or 2% capacity factor).
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Tucson Electric Power

Renewable Electricity Production Tax Credit (l"l(l)
The federal renewable electricity production tax credit is an inflation-adjusted perkilowatthour (kph) tax
credit for electricity generated by qualified energy resources and sold by the taxpayer to an unrelated person
during the taxable year. The duration of the credit is 10 years after the date the facility is placed in service for
all facilities.

In December 2015, the Consolidated Appropriations Act extended the expiration date for the production tax
credit to December 31, 2019, for wind facilities commencing construction with a phasedown beginning for
wind projects commencing construction after December 31, 2016. The Act extended the tax credit for other
eligible renewable energy technologies commencing construction through December 31, 2016. The Act applies
retroactively to January 1, 2015.

The tax credit amount is adjusted for inflation by multiplying the tax credit amount by the inflation adjustment

factor for the calendar year in which the sale occurs, rounded to the nearest 0.1 cents. The Internal Revenue

Service (IRS) publishes the inflation adjustment factor no later than April 1 each year in the Federal Registrar.

For 2015, the inflation adjustment factor used by the IRS is 1.5336.

Applying the inflation-adjustment factor for the 2014 calendar year, as published in the IRS Notice 201520, the
production tax credit amount is as follows:

$0.023/kWh for wind, closedloop biomass, and geothermal energy resources
$0.012/kWh for openloop biomass, landfill gas, municipal solid waste, qualified hydroelectric, and
marine and hydrokinetic energy resources.

The tax credit is phased down for wind facilities and expires for other technologies commencing construction
after December 31, 2016. The phase-down for wind facilities is described as a percentage reduction in the tax
credit amount described above:

Table 14 - Pr< ( init Phase Douii

PTC ReductionConstruction Year (1)

2017 PTC amount is reduced by 20%

2018 PTC amount is reduced by 40%

2019 PTC amount is reduced by 60%

(1) For wind facilities commencing construction in year.

Note that the exact amount of the production tax credit for the tax years 20172019 will depend on the
inflation-adjustment factor used by the IRS in the respective tax years. The duration of the credit is 10 years
after the date the facility is placed in service.

See for more details.
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Energv Investment Tax Credit (IT(:)
The Consolidated Appropriations Act, signed in December 2015, included several amendments to the federal

Business Energy Investment Tax Credit which apply to solar technologies and other PTC eligible technologies.

Notably the expiration date for these technologies was extended, with a gradual step down of the credits

between 2019 and 2022.

The ITC has been amended a number of times, most recently in December 2015. The table below shows the

value of the investment tax credit for each technology by year. The expiration date for solar technologies and

wind is based on when construction begins. For all other technologies, the expiration date is based on when the

system is placed in service (fully installed and being used for its intended purpose).

Table 14 .- Investment Tab fr¢>rlit\ he Year and T4clinology

202220212017 2018 20202019Technology
Future

Years

10%10%22%26%30%30%30%

PV Solar Water Heating,
Solar Space Heating/Cooling,

Solar Process Heat

10%10% 10%10% 10%10% 10%
Geothermal

Electric

24% 18% 12%
Large

Wind

Solar Technologies
Eligible solar energy property includes equipment that uses solar energy to generate electricity, to heat or cool
(or provide hot water for use in] a structure, or to provide solar process heat. Hybrid solar lighting systems,
which use solar energy to illuminate the inside of a structure using fiber-optic distributed sunlight, are eligible.
Passive solar systems and solar pool-heating systems are not eligible.

for more details.See
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Impacts of Declining Tax Credits and Technology installed Costs
Chart 25 and Chart 26 shown below reflect the near-term capacity price declines on a $/kW basis from 2017
2023 associated with the reduction in the installed costs of solar technologies relative to the levelized cost
realized on a $/Mwh assuming different levels of investment tax credits by year. The solar ITC assumptions are
based on the federal investment tax credit assumptions shown in Table 15 above.

Chart25 -SolarPV Fixed, Impacts of Declining Tax Credits and Technology InstalledCosts
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Chart 27 shown below reflects the near-term capacity price declines on a $/kW basis from 2017 - 2023
associated with the reduction in the installed costs of wind resources relative to the levelized cost realized on a
$/Mwh assuming different levels of production tax credits by year. The wind PTC assumptions are based on
the federal production tax credit assumptions shown in Table 14 above.
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l
l
l

CHAPTER 5

LOAD MODIFYING RESOURCES

l : no rg v  l f l l i t i c nc v
lTEP recognizes energy efficiency (EE) and demand response (DR) as costeffective ways to reduce our

reliance on fossil fuels. TEP offers a variety of energy saving options for customers encouraging both

homeowners and businesses to invest in EE upgrades through Demand Side Management (DSM) incentivized

programs.

TEP has made great strides towards achieving the goals set by Arizona's EE Standard. The EE Standard calls

on investorowned electric utilities in Arizona to increase the kilowatthour savings realized through

customer ratepayerfunded EE programs each year until the cumulative reduction in energy achieved

through these programs reaches 22 percent of the previous year's retail sales by 2020.

The EE section presents a detailed overview of the proposed electric DSM programs targeted at the

residential, commercial and industrial (C&l), and utility improvement sectors, as well as their associated

proposed implementation costs, savings and benefitcost ratios.

I
!

TEP, with input from other parties such as Navigant Consulting inc. ("Navigant"), Residential Utility

Consumer Office (RUCO) and the Southwest Energy Efficiency Project (SWEEP), has designed a
comprehensive portfolio of programs to deliver electric energy and demand savings to meet annual DSM

energy savings goals outlined in the EE Standard. These programs include incentives, directinstall and buy

down approaches for energy efficient products and services; educational and marketing approaches to raise
awareness and modify behaviors and partnerships with contractors to obtain the most cost-effective return

on the rate-payer dollars invested in DSM programs.

/ Iinplt~intnimioii Plan (mils .intl (lhiectives2 (l 1 -
TEP's high-level EErelated goals and objectives are as follows:

»
»

»
U r

»

Implement only costeffective EE programs.
Design and implement a diverse group of programs that provide opportunities for all customers to

participate in.

Achieve energy savings goals set in the EE Standard through 2020.
When feasible, maximize opportunities for program coordination with other efficiency programs (e.g.

Southwest Gas Corporation, Arizona Public Service Corporation) to yield maximum benefits.

Maximize program savings at a minimum cost to the rate payer through comprehensive and cost-

effective programs.

Page 107



Tucson Electric Power

»

»

»

»

Provide TEP customers and contractors with direct web access to detailed information on all
efficiency programs (residential and commercial) for electricity savings opportunities at http://
www.tep.com
Expand the EE infrastructure in the state by increasing the number of available qualified contractors
through training and certification in specific fields.
Use trained and qualified trade allies such as electricians, HVAC contractors, builders, manufacturers,

architects, and engineers to transform the market for efficient technologies.

Inform and educate customers to modify behaviors that enable them to use energy more efficiently.

Planning Process
TEP's portfolio of programs incorporates elements of the most successful EE programs across North America.

Programs are designed in consideration of the Tucson market and provide costeffective programs for TEP

customers. A substantial amount of information including evaluations, program plans and studies were used

to develop specific programs for TEP. with input from Navigant, RUCO and SWEEP, TEP also used a

benchmarking process to review the most successful EE programs from across the country, with a focus on

successful Desert Southwest programs to help shape the portfolio.

TEP used the following strategies to produce the lowest cost portfolio of EE programs:

l >

l >

Implementing primarily industry accepted programs that have been successfully applied by other
utilities in the Southwest and across the country.
Implementing programs through a combination of thirdparty contractors and TEP staff. TEP
utilizes implementation contractors where they provide particular industry expertise and/or tools.

l ' iog r;ui i  SClt ' L ' l l l l l

TEP uses rigorous models to evaluate the costs, benefits, and risks of EE and DSM programs and measures.

These models are designed to estimate the capacity and energy values of EE and DR measures at an hourly

level. By examining projected program performance and cost effectiveness over a wide variety of weather

and cost conditions, TEP is able to measure the risks and benefits of employing EE and DSM measures versus

traditional generation capacity additions, and further, to ensure that DSM resources are compared to supply

side resources relatively.

The analysis of EE and DSM cost-effectiveness has traditionally focused primarily on the calculation of

specific metrics, often referred to as the Societal Cost Test (SCT). As detailed in Table 16 Comparative

BenefitCost Tests, there are five major benefit-cost tests commonly utilized in the EE industry, each of which

addresses different perspectives. The EE Standard established that the societal cost test should be used as the

key perspective for determining the cost-effectiveness of EE measures and programs. Regardless of which

perspective is used, benefitcost ratios greater than or equal to 1.0 are considered cost-effective. While

various perspectives are often referred to as tests, the following list of criteria demonstrates that decisions on

program development go beyond a pass/fail test.
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lTable 16 . Comparative Benef itCost Tests
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utility Resource Cost Test
The Utility Resource Cost Test (UCT], also referred to as the Program Administrator Test (PAT), measures the

net benefits of a DSM program as a resource option based on the costs and benefits incurred by the utility

(including incentive costs) and excluding any net costs incurred by the customer participating in the
efficiency program. The benefits are the avoided supply costs of energy and demand, the reduction in

transmission, distribution, generation and capacity valued at marginal costs for the periods when there is a

load reduction. The costs are the program costs incurred by the utility, the incentives paid to the customers,

and the increased supply costs for the periods in which load is increased.

Total Rcsou 1u Cost
The Total Resource Cost (TRC) is a test that measures the total net resource expenditures of a DSM program

from the point of view of the utility and its ratepayers. Resource costs include changes in supply and

participant costs. A DSM program that passes the TRC test (i.e. has a ratio greater than 1) is viewed as

beneficial to the utility and its customers because the savings in electric costs exceed the DSM costs incurred

by the utility and its customers.

Partitip.int (Mist Test
The Participant Cost Test [PCT] illustrates the relative magnitude of net benefits that go to participants
compared with the net benefits achieved from other perspectives. The benefits derived from this test reflect
reductions in a customer's bill and energy costs plus any incentives received from the utility or third parties,
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and any tax credit. Savings are based on gross revenues. Costs are based on out-ofpocket expenses from

participating in a program, plus any increases in the customer's utility bills.

Rate Impact Measure Test
The Rate Impact Measure (RIM) Test measures the change in utility energy rates resulting from changes in

revenues and operating costs. Higher RIM test scores indicate there will be less impact on increasing energy

rates. While the RIM results provide a guide as to which technology has more impact on rates generally it is

not considered a pass/fail test. Instead the amount of rate impact is usually considered at a policy level. The

policy level decision is whether the entire portfolios impact on rates is so detrimental that some net benefits

have to be forgone.

Sucivlal Cost lest
The SCT is similar to the TRC test, but it is also intended to account for the effects of externalities [such as

reductions in COz, nitrogen oxides Not, and sulfur dioxide S02. One additional difference between the TRC and

the SCT is that the SCT uses a societal discount rate in its analysis. The SCT is the regulated benefit/cost

analysis required in the EE Standard. TEP has provided a SCT that accounts for the societal discount rate.

Current lnc rgv I l l ic ienc \ . ind  DSM I >1 .og I .£11m
TEP's 2016 Energy Efficiency Plan was filed on lune 1"', 2015, in accordance with Section R1422405 of the

EE Standard for approval of EE and DSM programs with the ACC (Docket No. E-01933A.15-0178). TEP

received the final order for approval for these programs from the ACC in Decision No. 75450 on February 11,
2016 augmenting Decision No. 74885 [December 31, 2014). TEP has requested that the ACC continue the

implementation plan approved in Decision No. 75450 to program year 2017.

TEP uses EE programs to efficiently and costeffectively alter customer energy demand and consumption and
reduce the longterm supply costs for energy and peak demand. TEP's portfolio of programs is divided into

residential commercial behavioral, support, and utility improvement sectors with administrative functions

providing support across all program areas. These programs can vary greatly in their dispatch characteristics,

size and duration of load response certainty of load response and level and frequency of customer

participation. In general programs are offered in two primary categories 1) EE programs that reduce energy

consumption and 2) DR programs that reduce peak demand. Table 17 below lists the Commissionapproved

EE and DR programs currently in the TEP portfolio. Details of these programs can be found in the 2016

Energy Efficiency Plan
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Table 17 Current Energy Efficivlifv Programs

Appliance Recycling

Efficient Products

Existing Homes

Low Income WeatherizationResidential Sector

MultiFamily Homes

Residential New Construction

Shade Trees

Behavioral Comprehensive

al Sector
Home Energy Reports

B
Bid for Efficiency

Combined Heat & Power
l

C&I Comprehensive

I s Commercial New Constructionustrial Sector

Commercial Schools

RetroCommissioning

Small Business Direct Install

Consumer Education and Outreach

Energy Codes and Standards

_ C&l Direct Load Control

Conservation Voltage ReducionUtility Improvement Sector

Generation Improvement and Facilities Upgrade
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Chart 28 shows the actual segmentation of energy savings across sectors as a result from the 2016
implementation.

(:Ii.i1.l 28 - 20l(» DSM Portfolio ( fin position Liv Sector

i.

Il l Residential.. Behavoiral Commercial Utility Improvement

Resource Planning Integration

DSM Forecasting
Consistent with the ACC's Decision No. 71435 on Resources Planning, TEP forecasted cumulative energy
savings for TEP's DSM portfolio over a 15year time period from 2017 - 2032 including meeting Arizona's EE
Standard, which concludes in 2020. TEP prepared a monthly energy and peak reduction forecasts for all
years in the IP planning period. The savings were distributed based on the actual hourly shape of all
historical measures installed from 2011 through 2015 and are carried forward for the planning period. Cost
dispatch modeling using this shape will approximate the impacts of EE savings on the actual system load. In
addition, TEP prepared an hourly savings distribution based on the impacts ogEE in 2015 and compared EE
savings distribution to the shape distribution of the actual TEP system load for 2015.

In order to integrate the hourly savings impact ofTEns portfolio of DSM programs into 15-year planning
horizon, TEP determined the hourly savings of each individual EE measures and then aggregated them at the
portfolio-level by customer rate class. The hourly savings resolution can be summed into monthly energy and
used to find peak demand savings.

TEP considered several available resources and options for determining EE measure hourly level savings
data. One option was to conduct longterm enduse metering and analysis for the measures installed at
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customers premises, which would be multiyear projects and very costly. Another option was to utilize data
made available from national and other statelevel funded multiyear studies and research that incorporated
best practices for determining hourly level measure savings. TEP found this latter option to be more prudent
given the time sensitivity and expense.

TEP relied upon 8,760 hourly savings load shapes taken from widely referenced and recognized industry

sources for individual EE measures that comprised each particular DSM program. These sources include:

l >

»

»

California's Database for Energy Efficient Resources (DEER), which is developed by the California

Public Utilities Commission

California's Commercial EndUse Survey (CEUS], which was prepared by citron, Inc. for the California

Energy Commission in cooperation with California's investorowned utilities (i.e., Pacific Gas and
Electric, San Diego Gas and Electric, Southern California Edison, Southern California Gas Company),

and the Sacramento Municipal Utilities District

Building America - National Residential Efficiency Measures Database, which is developed by the

National Renewable Energy Laboratory [NREL) with support from the U.S. Department of Energy

[DOE]

These load shapes were developed through extensive building enduse metering and energy simulation

modeling and were normalized for historical weather conditions and patterns applicable to particular climate

regions. The load shapes selected from these sources address the residential and non-residential sectors

separately with different building end-uses that relate to the EE measures in the programs. TEP selected the

load shapes carefully to account for seasonal or diurnal variations in operational or enduse patterns for

different measures. TEP utilized the Californiabased DEER and CEUS load shapes only as a means to develop

8,760 hourly shaping on the EE measures. The annual savings values that will be attributed to these hourly

savings load shape are calculated specifically for TEP's programs through program design and third-party

Measurement, Evaluation, and Research (MER).

Since the weathersensitive EE measure load shapes from DEER and CEUS were developed for California, TEP

had to apply adjustment factors for its service territory in Arizona. First, for weather calibration purposes,

TEP utilized typical meteorological year (TMY3) weather data for Tucson, Arizona and compared that to the

load shapes developed for California's Climate Zone 15, which is the closest geographically as well as the most

compatible weather region in California to TEP's service territory, and then adjusted hourly indexed values as

needed. This approach of weather calibration ensures that weather-sensitive EE measures that have seasonal

or diurnal variations in energy savings would have the appropriate effect for TEP's climate region.

Furthermore, the TMY3 weather data sets, which were developed by NREL with support from DOE, are based

on climate data from a period from 19912005. Utilizing recent historical weather data helps to weather

normalize the savings effects of weather-sensitive EE measures at the hourly level. The Building America
database included measure savings load shapes developed utilizing TMY3 weather data for Tucson; therefore,

no such weather adjustments were needed for these load shapes.

After determining the measure shapes, TEP applied a measures annual energy savings value with the

appropriate measure end-use load shape to determine a unique measure-specific savings load shape. TEP

was then able to aggregate the hourly savings value for all given measures in a particular program to

determine a programlevel savings load shape. From these composite program-level savings load shape, TEP

was able to apply its definition of peak periods to determine coincident and noncoincident peak demand

savings.
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While the focus of this IP is on future resources planning, TEP also acknowledges the importance of
attributing verified savings values for individual measures and programs from MER results. TEP has retained
the services of Navigant to serve as the thirdparty evaluation contractor for TEPs portfolio of DSM
programs. Navigant verifies energy savings for programs utilizing rigorous industry evaluation standards
and protocols outlined by the International Performance Measurement and Verification Protocol (IPMVP),
Federal Energy Management Plan (FEMP) and the Uniform Methods Project (UMP) of the NREL.

Load Shape Results
The hourly savings determined through the Methodology Section above allowed TEP to forecast annual

energy and peak demand savings for TEPs 2017 portfolio of DSM programs both to determine a 15year

outlook on resources and to meet the EE Standard savings targets by 2020.

To estimate the level of cost-effective energy savings beyond 2020, TEP relied on a report published by the

EPRI titled "U.S. Energy Efficiency Potential Through 2035". Further details on TEPs assumptions for future

EE are included in Chapter 10.
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Chart 29 shows the EE annual savings (Mwh) required to meet the Standard (including credits) through
2020, and the corresponding estimated actual reduction in retail sales through 2032.

(h.irt 29 EE Annual liiwi;;v (.o.1ls (The Standard) vs. iipRI lstim.\lc<1 Rut nil Sales liciliictiun (Mwh)

Annual Energy Efficiency Targets (Mwh)

250,000

200,000

150,000

100,000

50,000

11111111111111111111
20322017 2020 2023 2026 2029

Tracking to Standard Retail Sales Reduction

In order to evaluate EE as a resource for replacement of generation in the context of the lip, the specific types

of measures being implemented are modeled, like other resources against the forecasted system load.

Modeling EE measures as a resource in TEP's cost production model will provide a more accurate indication

of the potential cost savings associated with these measures, through displacing energy (i.e. fuel) or capacity

from conventional resources. Using these results, TEP can target measures that coincide with high cost

resources or the system peaks, both daily and annually. Chart 30 provides a sample of how current EE

measures interact with TEP's system loads.

l

Pag e 1 1 5

l



Tucson Electric Power

Chart 30 - .l.l"Ps Typical Day Summer Load Shape vs. Cumululivu EE Load Shape
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Tucson's climate has a great impact on the systems generation needs. As expected, TEP is a summer peaking

utility, generally experiencing its greatest demand occurring in lily. As shown Chart 30 the cumulative

impact of EE for TEP in 2015 peaked during the 8:00PM12:00AM timeframe. However, the TEP system load

peak is between 18PM. In order to truly replace generation needs, EE targets and goals would need to focus

more on the installation of EE measures that coincide with the system peak. Chart 30 depicts the forecasted

cumulative annual peak demand savings for TEP's portfolio of programs through 2032, based on the EE shape
derived from 2015 data.
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Technology

Characteristics

Wide range of technologies and customer incentives. Technologies range from customer

installed high efficiency electrical devices to design and construction of high efficiency

building standards.

TEP offers a variety of EE programs designed for both the residential and commercial

customers. The primary objective of these programs is to provide customers with

consumption based information and financial incentives to reduce overall energy

consumption. EE programs give customers opportunities to reduce their monthly electric

bills by providing incentives for customers to invest in high efficiency technologies such as

home appliances, compact fluorescent lighting, pumps, motors and HVAC equipment.

Other programs provide incentives for builders to design and construct both residential and

commercial buildings based on higher EE construction standards.

Benefits Lowest cost resource. Potential environmental benefits include reductions in air emissions

and water consumption. The effect of EE reduces system demand and losses and may

contribute to deferring the need to construct new power plants and transmission lines.

\Risks Challenges include customer participation, market potential and sustained load reduction.

1-2 YearsResource Lead Time

The cumulative annual peak demand savings from TEP's DSM programs does reduce the system peak with

the increase in cumulative annual savings target goals in the Standard and beyond.

The implementation ofTEns DSM programs will help TEP meet the cumulative annual savings targets in the

EE Standard and incorporate EE into its 15year resource planning time-frame. EE is an important part of

TEP'sfuture resource mix. Furthermore, stratifying measure-level energy savings on an hourly level will help

the planning process to identify EE measures and programs that best fit TEP's resource needs. TEP will

continue to monitor DSM program activity and research EE industry best practices to determine the most

costeffective portfolio of programs that provides EE solutions to its customers and incorporates DSM

investments in TEP's resource planning.
I
i
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Distributed Energy Resources
Distributed Energy Resources (DER) include Distributed Generation (DG), which are smallscale, typically
renewable resources often sited on utility customer premises. The Arizona RES requires that a portion of
renewable energy requirements be obtained from residential and commercial DG systems. The required
percentage of DG in the Arizona REST is 30% of the total renewable energy requirement. This section
provides a brief overview on both residential PV systems and solar hot water heating technologies.
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Solar Photovoltaic DG Systems Overview
Solar PV DG systems convert sunlight directly into electricity. A residential PV power system enables a
homeowner to generate some or all of their daily electrical energy needs on their roofer sometimes using a
groundmounted system. The most common type of PV system today is referred to as a "grid tied" system,
which parallels the utility system and references the utility voltage and frequency to insure that the PV
inverter(s) are operating properly. with a grid tied PV system, the PV system remains connected to the utility
grid so that power and energy can be drawn from the utility if the PV system cannot meet the demand. PV
systems may also include standalone battery backup or Uninterruptible Power Supply (UPS) capability to
provide power and energy in the event of a utility outage. Today there are a new generation of battery
systems that are capable of grid tied operation, and this will allow significant operational benefits in the
future and may allow grid support operations as batteries can supplement the utility supply during peak
demand times.

Every home and business that is connected to the electric utility has a main service panel, an electrical meter,
and a line to the utility grid (a service drop). Power flows from the grid through the meter to the service
panel where it is distributed throughout the home or business. When PV generation is added to a building,
additional power from that source will also flow to the main service panel and is distributed throughout the
building. in the event of a utility outage, a grid tied PV system is designed to shut down until utility power is
restored. A simple grid-tied PV system diagram is show below:

Figure lb l{vsicl¢.1llinl P\ Svsleni Scliviiintin
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PV Array: PV systems use solar cells to convert sunlight directly into electricity. The most commonly used
solar cells are made from highly purified crystalline silicon. Groups of solar cells are packaged into PV
modules, which are sealed to protect the cells from the environment. Modules are wired together in series
and parallel combinations to meet the voltage, current and power requirements of the PV system. This
grouping is referred to as a PV array, and the PV array produces DC power which is then converted to AC
power by an inverter. PV modules typically range in size from 5to-25 square feet and weigh about 34
lbs./ft2.
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Balance of System (BOS): The remainder of the PV system components, aside from the PV modules, is called
the Balanceof-System, or BOS. BOS includes mounting hardware and wiring systems used to integrate the
solar modules into the structural and electrical systems of the home or business. The wiring systems may
include disconnects for the DC and AC sides of the inverter (most string inverters have AC and DC disconnects
integrated into the device), groundfault protection, and overcurrent protection for the solar modules. Many
PV systems include a circuit combiner to integrate strings of PV modules. Some inverters include this fusing
and combining function within the inverter enclosure. Microinverters have become common in the PV arena
over the past few years, and the PV module is sometimes called an "AC Module". With microinverters, the DC
to AC conversion is achieved on each module, typically at the 300 watt power level. PV systems that utilize
microinverters have no DC disconnects, no combiners, and the design can look quite different than the
"typical grid tied PV system" shown below. Benefits of microinverters include the fact that one inverter
failure will not have a significant impact on energy production, shading of one or several modules may not be
a significant problem as it is with traditional PV systems, and the wiring of the PV system requires no DC
components, but only AC wiring which is the typical wiring that electricians are accustomed to working on,
installing and servicing.

-

Coi i ligur; i llo li  a l lvpiui l PV Systems
Figure 1 lvpiinil (.ri(1 limy P\ Si stem

ManSemce
panelpvAnav DC/AC

lnvenef
fumy
Switch

PV Array
Curcun

Combunef
Ground-Faun

Protector

DC
Fused
Svaich

AC
Fusee
Swncfl

>u\1lnv:so

Page 120



2017 Integrated Resource Plan

I
I

Solar Hot Water Heaters
SolarHotWater (SHW) heating systems include storage tanks and solar collectors. There are two types of
SHW systems: 1] active, which have circulating pumps and controls, and 2) passive, which don't have
circulating pumps and controls. Most solar water heaters require a well-insulated storage tank. Solar storage
tanks have an additional outlet and inlet connected to and from the collector. in twotank heating systems,
the solar water heater preheats water before it enters the conventional water heater. In onetank systems,
the back-up heater is combined with the solar storage in one tank. Solar water heating systems are described
using four common terms:

»
l >

»

»

Active systems: use pumps to move fluids through the system
Passive systems: rely on the buoyancy of warm water and gravity to move fluids through the system
without the need for pumps
Direct systems: heat water that feeds directly into the domestic hot water system. Direct systems
always use potable water as the heat transfer fluid. In areas with high levels of dissolved minerals,
carbon dioxide, or other water quality problems, these systems may require water softeners or other
water quality mitigation
Indirect systems: have independent piping and use heat exchangers to isolate solar fluids from

potable domestic hot water. Systems using propylene glycol must use heat exchangers, however,

water may also be used in indirect systems with heat exchangers

f igure 18 1 vocal Solar Hot Water Healer System

I

8 W e'4' J,  Ni .

4. 1_

r is~5 ¢e* 4 :
s>.

.1 .

. . 4. _

W

.-+~
1r

J I
r

. 9
I
.

|

g.~
u. . . .

.

.! u

05 .
L;, ¢ 3.

0 v s.~:
.

/'

9
v

8
5;

w9
"»

8 »;L

Page 121



Tucson Electric Power

The following system descriptions include example illustrations of system designs. in practice, systems may
be configured in many different ways.

Integral Collector Storage (ICS)

Passive Direct System

a
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ICS systems are both passive and direct. The tank and collector

are combined. Potable water is heated and stored in the ICS

collector. As hot water is used, cold water fills the collector from

the bottom. These systems work best when hot water demands

are in the late afternoon and evening. Heat gained during the day

may be lost at night if not used, and depends on local weather

conditions. A check valve, or the arrangement of pipe runs, stops

reverse thermosiphoning where heat is lost from the domestic

hot water system to the night sky. These systems are the least

expensive of solar thermal system designs and one of the most

popular types of designs on the world market. However, they

may only be used in areas that do not experience regular hard

freezes. ICS collectors have more depth than flat plate collectors

to accommodate integral tanks. Some builders have placed these

collectors directly on the roof deck and built up around them

with parapets or tile roof systems.

llwiin<)s1pli(»ii missive l)1iect Svstcm
Thermosiphon systems are passive with a storage tank located higher than the solar collector, and some

systems may come packaged with tanks premounted to collectors. In these systems the tank sits on the

outside of the roof, while other systems have tanks located inside attic spaces above the collectors. These
systems are direct, using potable water as the heat transfer fluid. Water pipes and tanks containing water

must be protected from freezing or located in a conditioned space in climates that freeze.
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Tvpical Installations
In general, SHW systems are mounted on a southfacing roof
(in the northern hemisphere), or adjacent to the house at
ground level. In either case the SHW system is generally
remote from the backup and supplementary storage water
heater and its tank. This distance, or the amount of finished
space the loop must traverse in a retrofit installation,
impacts the method and cost of installation. The most
fundamental distinction is between systems that must resist
freezing (closedloop systems) and those located in climates
where freezing is very rarely severe enough to threaten the
integrity of the system (open-loop systems). Because
closedloop systems require either drain-back provisions or
a separate freeze-protected loop to indirectly heat water in
the storage tank, they generally have active components
(pumps) and are more complex.

.illoii fix 1i 1io1ogv Summary

Distributed Generation, Predominantly Rooftop Solar PVTechnology and Fuel

Characteristics

Benefits

Risks

Construction Lead Time

PV cells convert sunlight directly into electricity. Cells are arranged in
modules, and modules into arrays, which can be mounted in a fixed position
or onto structures that enable them to track the sun.
O&M costs are very low and not subject to future fuel prices. Emits no air
pollution and consumes no water. Energy generally produced during high
demand periods. Scalability provides greater cost control and cost risk
mitigation.
Unless coupled with energy storage, solar energy is only available during
daylight hours and is subject to variable output during the day, depending on
cloud cover.
0.75 yearsl

i
I

I

I
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CHAPTER 6

LOAD SERVING RESOURCES

Renewable EIlol}2_y

The resource planning team relied on a number of industry experts such as Black and Veatch, United States

Department of Energy, and the National Renewable Energy Laboratory to help develop the operational and

cost assumptions for renewable technologies. This chapter provides an overview on the assumptions used in

the resource planning evaluations. For the 2017 resource plan the following renewable technologies were

considered:

»
l >
»
l >
»

Solar - Photovoltaic (PV)

Solar Concentrating PV Technology (CPV)

Solar Concentrating Solar Power Technology (CSP)

Wind Turbines

BioResources

Renewable resource assumptions were based on the following data sources:

1. DOE, Energy Efficiency & Renewable Energy, SunShot Initiative Website
http://www1.eere.energy.gov/solar/sunshot/

z. DOE, Electricity Advisory Committee

Reports and meetings, news, etc. through 2016
https://energy.gov/oe/services/electricity-advisorycommittee-eac/electricity-advisory-committee-
2016meetings

NRELWebsite3.

4. PACE Global Insights

5. TEP's competitive procurement process and ongoing R8¢D efforts.
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Solar PV Technology
Solar PV cells convert sunlight directly into electricity. These PV cells are the building blocks of PV modules,

or panels, and these modules are the building blocks for a PV array, which can produce kilowatts to

megawatts of power.

PV gets its name from the process of converting light (photons) to electricity (voltage and current), which is

called the PV effect. The PV effect was first observed in 183920 by Alexandre Edmond Becquerel, and proven

with the first practical silicon solar cell in 1954, when scientists at Bell Labs discovered that silicon (an

element found in sand) created an electric charge when exposed to sunlight. Soon after, solar cells were used

to power space satellites and eventually powered smaller items like calculators and watches. Today,

hundreds of thousands of Americans, and millions across the world power their homes and businesses with

grid tied941 solar PV systems. Utility companies are also using PV technology for large power stations, many in

the 100s of megawatts during peak power times.

Traditional solar cells made from silicon are typically flat~plate, and generally are the most efficient22. Second-

generation solar cells are called thinfilm solar cells because they are made from amorphous silicon or non

silicon materials such as cadmium telluride. Thin film solar cells use layers of semiconductor materials only a

few micrometers thick. Because of their flexibility, thin film solar cells can double as rooftop shingles and

tiles, building facades, or the glazing for Windows. All of these building material technologies are generally

referred to as Building Integrated Photovoltaic.

Nextgeneration solar cells are being made from variety of materials other than silicon, including solar inks

that may use conventional printing technologies, solar dyes, and conductive plastics. Some solar PV cells use

plastic lenses or mirrors to concentrate sunlight onto a very small piece of high efficiency PV material. The PV
material is generally more expensive but because so little is needed, the systems are seen as becoming cost

effective for use by utilities and industry. However, because the lenses must be pointed at the sun, the use of

concentrating collectors is limited to the sunniest parts of the country that include California, Nevada, and

Arizona.

Solar modules and arrays used to power homes and businesses are typically made from solar cells combined

into modules that hold about 40 cells A typical home will have an array of 10 to 20 solar panels to power the

home, with an average residential PV system size of 5 kwz3. The modules are often mounted at a fixed angle

facing south, or they can be mounted on a tracking device that follows the sun, allowing them to capture the

most sunlight. For large electric utility or industrial applications, hundreds of solar arrays are interconnected

to form a large utilityscale PV system often in the 10s or 1005 of MW of nameplate capacity.

20

ii Grid Tied PV systems are PV systems that are connected in parallel to the electric utility grid where some or all of the energy is
consumed locally andsomeor all of the energy is sent back to the utility system for use by other consumers
1: For more on efficiency see
x
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Solar Resource Cliarzicteristics
Several forms of solar power technology are available today in order to capture energy from the sun. One
form, solar PV, converts sunlight into direct current power. A device called an inverter then converts the
direct current power into alternating current power to be used by consumers and tied to the electric grid.
Another form of solar is CSP, where CSP uses large reflectors and tracking systems to gather energy from
sunlight and focus it to generate heat. Heat from the concentrated sunlight may be used to produce steam
that turns a turbine generator to generate alternating current power. Some CSP systems may heat molten
salts or other materials to be used after the sun goes down, and when that power is needed. This is another
type of energy storage that is being studied and developed throughout the world, and may help solve some of
the challenges related to the diurnal nature of the sun.

in certain respects, the technological development and commercialization of utility-scale solar power is
currently at a stage similar to that of wind power prior to its recent period of rapid growth and widespread
adoption by the electric utility industry. For example, large amounts of capital are being invested in research,
design and demonstration efforts to improve solar power generating technologies and achieve improved
economies of scale. Examples include intensive R&D on advanced forms of solar PV technologies, and
construction of demonstration projects based on largescale concentrating solar generating technology.

i

I

i
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PhotovoHah7SoknPou4H.TechncHogy
As noted above, the two primary forms of solar power generating technologies are solar PV and concentrating
solar power. PV systems make up the bulk of existing installed solar generating facilities, and can be built at

practically any size - from one kilowatt to 100s of megawatts. PV modules can be connected in groups to

become an array, and a PV array can be configured in many different layouts based on the available rooftop or

the available land to place these arrays.
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A single PV cell produces a small amount of power. To produce more power cells are electrically interconnected and physically mounted to a
frame to form modules which can in turn be connected into arrays to produce yet more power. Because of this modularity PV systems can be
designed to meet many electrical requirements both large and small. PV systems can even be designed to have battery storage systems
connected providing power and energy when it is needed or for emergencies.
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FlatPlate PV Systems
The most common PV array design uses flatplate PV modules (sometimes referred to as PV panels). These

PV panels can either be fixed in place or allowed to track the movement of the sun. Tracking systems, which

are more expensive to install and have higher maintenance requirements, can be single axis tracking or dual

axis tracking and generally result in a significant increase in energy production.

7at
8 aI

Q
\\

Cove fin

Solar cal

Encapsulant

Subarea

Covoffllm
S - I

Gaskii
Frame

111.

Ume U.pic.1l fl;ilpl.ilc mmlulc designuses a substrate it metal glass or plastic In
pl u\ uh \Iruc!u|.1| \up11(I1.I in the back; an encapsulant material toprotect the Lulls

.mol .i l 1.11!s1>.IIe|1tcoverof pl lu glee. Source: '\REL

PV systems respond to sunlight that is either direct or diffuse. Even in clear skies the diffuse component of

sunlight accounts for between 10% and 20% of the total solar radiation on a horizontal surface. On partly

sunny days up to 50% of that radiation is diffuse. And on cloudy days 100% of the radiation is diffuse.
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MolHltl!l(l Structures
PV arrays must be mounted on a stable, durable structure that can support the array and withstand wind,
rain hail, and other adverse conditions. However, stationary structures are typically designed with flatplate
systems. These structures tilt the PV array at a fixed angle determined by the latitude of the site, the
requirements of the load, and the availability of sunlight. Among the choices for stationary mounting
structures, rack mounting may be the most versatile. it can be constructed fairly easily and installed on the
ground or on flat or slanted roofs.

The advantages of fixed arrays are that they lack moving parts, there is virtually no need for extra equipment
and they are relatively lightweight compared to tracking systems. These features make them suitable for
many locations, including most residential roofs. Because the panels are fixed in place, their orientation to
the sun is usually at an angle that provides less than optimal energy production and maximum energy
production time of day. Therefore less energy per unit area of a PV array is collected compared with that
from a tracking array. However, this drawback must be balanced against the higher cost of the tracking
system. Chart 50 illustrates the increased energy production of a single-axis tracking [SAT] system, which is
dependent on location but can provide an increase in annual energy production of up to 20-40%.

Single* /iwis rind Di/nl /Avis lraclvin.rl Systems
Sometimes, the solar mounting structure is designed to track the sun. There are two basic kinds of tracking
structures: oneaxis and twoaxis. The SAT PV systems are typically designed to track the sun from east to
west. They are used with flat-plate systems and sometimes with concentrator systems. The two~axis type is
used primarily with PV concentrator systems. These units track the sun's daily course and its seasonal course
between the northern and southern hemispheres. Naturally the more sophisticated systems are the more
expensive ones and they usually require more maintenance.

(lhiirt 31 . Compnrismi al Solar l'\ Svsttins
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Solar PV TechnologyTechnology and Fuel

Characteristics

Benefits

Risks

Construction Lead Time

PV cells convert sunlight directly into electricity. cells are arranged in

modules, and modules into arrays, which can be mounted in a fixed position

or onto structures that enable them to track the sun.

O&M costs are very low and not subject to future fuel prices. Emits no air

pollution and consumes no water. Energy generally produced during high

demand periods. Scalability provides greater cost control and cost risk

mitigation.

Unless coupled with energy storage, solar energy is only available during

daylight hours and is subject to variable output during the day, depending on

cloud cover.

0.75 years

l
i
l
a
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HS. Solar Map
This map shows the national solar PV resource potential for the U.S., and is based on the monthly average

daily total solar resource potential on grid cells. The insulation values represent the resource available to a

flat plate collector, such as a PV panel, oriented due south at an angle from horizontal to equal to the latitude

of the collector location. This is typical practice for PV system installation although other orientations are

also used. Additional maps are available at the NREL website located at

Map 2 U.S. P\ Solar R¢suiii.c<. \1 ap

Photovoltaic Solar Resource of the United States
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Arizona Solar Poivor Map
The Global Horizontal Resource of Arizona map provides monthly average and annual average daily total

solar resource averaged over surface cells of 0.038 degrees in both latitude and longitude, or nominally 4 km

in size. The inputs are based on the PATMOSX model that uses halfhourly radiance images in visible and

infrared channels from the GOES series of geostationary weather satellites.

. i lMap 3 Global Horizontal Solar Resource of  Arizon
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New Mexico Solar Power Map

The New Mexico NREL Solar Insulation Map is based on estimates monthly daily total radiation, averaged

from hourly estimates of direct normal irradiance over eight years. The inputs are based on hourly visible

irradiance from the GOES geostationary satellites, and month average aerosol optical depth, precipitable

water vapor, and ozone sampled at a 10km resolution.
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(ioiicemixiting Photovriltaics (CPV)
Concentrating photovoltaic systems use lenses or mirrors to concentrate sunlight onto highefficiency solar

cells. These solar cells are more expensive than conventional cells used for flatplate PV systems. However

the increased cell efficiency requires less cell area to produce a given amount of power.

CPV technology offers the following advantages:

Potential for solar cell efficiencies greater than 40%
No moving parts
No intervening heat transfer surface
Nearambient temperature operation
No thermal mass; fast response
Reduction in costs of cells relative to optics
Scalable to a range of sizes

Because of their relatively high cost, CPV systems require the use of concentrated sunlight to be cost

competitive with other solar power options. Thus, groups such as NREL have focused on the development of

multi-cell packages (dense arrays) to improve overall performance, improve cooling, and install reliable

prototype systems.

CPV systems are not included in TEP's longterm resource plan at this time due to their high costs, as they are

typically two to three times higher than more traditional solar and wind resources on a levelized cost basis.

Also, market prices and cost data are difficult to obtain because the CPV market is young and there are a

relatively low number of installations and companies in the field. Recently, the CPV industry has struggled to

compete with PV prices, leading CPV companies exiting the market, while others face challenges in raising the

capital required to scale.24

QPV Techs: . ogy Summary

Concentrating Photovoltaics (CPV)Technology and Fuel

Characteristics

Uses mirrors or lenses on a singleaxis or dual-axis tracking system to

concentrate sunlight onto high-efficiency PV cells.

Benefits

Performs best in highsunlight regions. Efficiency is not affected by high

ambient temperatures. Trackers allow for high levels of power production

through the day. Less land and land disturbance required relative to

conventional PV systems.

Risks

Construction Lead Time

Costs are two to three times higher than more conventional solar

technologies. CPV market is still young and not well developed.

1 year
l

l

l

l24 Phillies Simon et al. Current Status of Concentrator Photovoltaic (CPV) Technology Version 1.2 February 2016.
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Concert rating Solar Power Technology (CSP)

Concentrating Solar Power is another type of solar power generation, and is considered an ideal technology
for warm climates that are prevalent in Arizona. Concentrating solar power uses mirrors to reflect and
concentrate sunlight onto receivers that collect the solar energy and convert it into thermal energy. This
thermal energy can then be used to produce electricity via a steam turbine or heat engine driving a generator.
In virtually all applications, CSP is large in scale, on the order of 100 MW or larger. These large systems are
similar in many respects to traditional coal, natural gas, or nuclear generator systems and utilize synchronous
generators to produce electricity. While the CSP systems generally do not operate 24/7 because of the diurnal
nature of the sun, they do provide grid support when they are operational because of the synchronous
generation. This important feature of grid support is an important technical factor when comparing CSP to PV
generation systems that utilize inverters, which do not currently provide inertia to the grid.

There are three generic CSP system architectures: linefocus (trough systems), pointfocus central receiver

(power towers), and point-focus distributed receiver (dishengine systems).

Power Tower CAP Systems
Power tower systems consist of a field of large, nearly flat mirror assemblies, known as heliostat, which
track the sun and focus the light onto a receiver at the top of a tower. in a typical configuration, a heat
transfer fluid, such as water, water and glycol mixtures, or molten nitrate salts is pumped through the
receiver, and used to generate steam to power a conventional steamturbine power cycle generating
electricity. In some systems, excess thermal energy can be stored during daylight hours to provide electricity
at times when the sun is not available and at night. An advantage of power tower systems over linear
concentrator systems is that higher temperatures can be achieved in the working fluid, leading to higher
efficiencies and lowercost electricity. Sunlight can be utilized from a large area, and concentrated on a small
area on the tower, and that approach reduces the distance that heat capturing fluids must travel to generate
power and energy.
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] Summary
Concentrating Solar Power Technology (CSP)Technology and Fuel

Mirrors concentrate sunlight onto a fluid that can generate steam for
electric generators.

Characteristics

Benefits

Electric generators can be synchronized to the grid, thereby providing
inertia. For some CSP technologies, thermal storage can be used to
address intermittency issues and provide power after sunset.

Risks Costs are two to three times higher than more conventional solar
technologies.

Construction Lead Time 4 to 5 years

I

I
i|
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lvanpah Solar Electric Generating Station
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The lvanpah Solar Electric Generating Station is located in lvanpah Dry Lake Calif. approximately

40 miles southwest of Las Vegas. BrightSource began development in 2006 and construction

commenced in October 2010 led by engineering, procurement, and construction partner Bechtel.

The station was first connected to the grid in September 2013 and went into commercial

operation in late 2013. The station is comprised of three separate units and has long-term PPAs in

place with Pacific Gas 84 Electric (Units 1 and 3) and Southern California Edison [Unit 2). Image
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The lvanpah Solar Electric Generating System is comprised of three separate units with a total capacity of 392
MW. lvanpah is a joint effort between NRG Energy, Google, Bechtel, and BrightSource Energy. The station uses
over 300,000 software-controlled heliostats that concentrate sunlight onto three 459foot towers. Four types
of heliostats are used depending on the distance from the tower; the furthest out are more than half a mile
away. The heliostats are capable of withstanding 85-mph winds.
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lvanpah Computer Controlled Heliostats Ivanpah Solar Receiver and Condensers

Each tower supports a 2,100-ton boiler that directs steam into a turbine generator at ground level. Natural
gas is used to warm the boiler up from a cold start, but in normal use it retains enough heat from the
previous day to start up on sunlight alone. A 110-ton counterweight is continually repositioned to keep the
tower stable. The concentrated sunlight generates steam in the tower-top boilers. The facility relies on air
cooled condensers to condense the turbine exhaust reducing water consumption by as much as 95% less
than a wetcooled thermal plant. The plant's only water requirements are boiler makeup water and for
cleaning, and the water is obtained from two wells on the site.
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lvanpah's $2.2 billion cost was supported by $1.6 billion in loan guarantees from the DOE's Loan Programs

0ffice25 (LPO). The plant is just a portion of the 2.8 GW of LPO-financed largescale solar (CSP and PV) that is

currently operating or under construction. The LPO currently oversees a portfolio of more than $30 billion in

loans, loan guarantees, and commitments that support more than 30 closed and committed projects. LPO-

supported facilities include one of the world's largest wind farms as well as several of the world's largest

solar generation and thermal energy storage systems.

Stirling linginu Dish Technology

The solar Stirling Engine is well beyond the research and development phase, with more than 20 years of

recorded operating history. The Stirling technology is based on an electrical solar dish system, which consists

of a unique radial solar concentrator dish structure that supports an array of curved glass mirror facets,

designed to automatically track the sun, collect and concentrate solar energy onto a Power Conversion Unit

(PCU). The PCU is coupled with, and powered by, a SES Stirling engine that generates gridquality electricity.

l.i;;ul.c "ll Stirling lfngln(. Disli
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The conversion process in the PCU involves a closed-cycle, highefficiency fourcylinder, reciprocating Solar

Stirling Engine utilizing an internal working fluid that is recycled through the engine. The Solar Stirling

Engine operates with heat input from the sun that is focused by the dish assembly mirrors onto the PCUs

solar receiver tubes that contain hydrogen gas. The PCU solar receiver is an external heat exchanger that

absorbs the incoming solar thermal energy. This heats and pressurizes the gas in the heat exchanger tubing,

and this gas in turn Powers the solar Stirling Engine.

Figure 21 Solar Paraibolic Di" Engine System 25 kW (NREL)

ex
i»r- Ia4. \ " l>4

.

5n.41
u
4

lWlr \
2

x
A  F.
1 ' . '

4

m
\ w

\ \ » \ ` /
'H
8 /

T
A

anv IF.\

I
S s \ IL infill

\. 1IN /
, .

of

.
v
\v=\

\ . $\ nr
I4 I
I
v

\ .4II-RfK . i . .

I
I
I
I
1

g

I ¢:=i-

AY

\-8:
W

\\3 \

£'4~-~.

I

8_ s

AHz, Wu?
H` \

4 . .

s

_
_ n . 1 I

=l9 -

A generator is connected to the solar Stirling Engine and waste heat from the engine is transferred to the
ambient air via a radiator system. The gas is cooled by a radiator system and is continually recycled within

the engine during the power cycle. The conversion process does not consume water, as is required by most

thermalpowered generating systems.
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a1 .Pzir.ilvoli< Trough Pmvor Plants (PTPPl1
A PTPP system is typically oriented in a northsouth direction and tracks the sun from east to west focusing
solar energy on a long tubular receiver. The working fluid in a trough system is usually a synthetic oil that is
heated to approximately 390°C (734°F). The hot oil is used to generate steam for use in a conventional
Rankine cycle steam turbine system. The predominant CSP systems in operation in the United States are
linear concentrators using parabolic trough collectors. in addition, trough systems can be hybridized (natural
gas cofiring) or may use thermal storage in order to dispatch power when most valuable to electric utilities,
which is usually during peak load times during the late afternoons.

Zo For more information, sec https://www.mtholyoke.edu/~wang30y/csp/PTPP.html
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Figure 22 Harper Lake Solar CSP Ploj¢cl (\Rail ]
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Parnholic Trough Power Plant Technology
As shown in the PTPP example below, the solar trough field heats synthetic transfer oil that is used to
generate superheated, highpressure steam that is delivered to a steam turbine. This turbine Powers an
electrical generator, creating electricity that can be delivered to the bulk power system for utility use.

figure 24 Solar PTPP Schematic
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Mojave PTPP Project
The Mojave Solar Project consists of two 125 MW parabolic trough power plants for a total of 250 MW. The
Mojave Solar technology uses mirrors to concentrate the thermal energy of the sun to drive a conventional
steam turbine. The plant is located about 20 miles from Barstow, California, and was completed in December
of 2014 by Abengoa. Abengoa secured a $1.2billion loan guarantee from the US DOE. Pacific Gas & Electric has
agreed to purchase the power generated from the solar thermal facility as part of a 25 year PPA with Abengoa
Solar.

Figure 25 ?\1 oh;1vc Solar (nlluctors
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I

Hybridized Configuration with Natural Gas Cm-Firing
ISCC technology combines the benefits of solar energy with the benefits of a combined cycle. The operation of

a solar combined hybrid plant is similar to a conventional combined cycle plant. The fuel (preferably natural

gas] is burned generally on a combustion chamber of a gas turbine. The heat coming from the solar field is

added to escape gases that are directed to the heat retriever, resulting in increased steam generation and,

consequently, an increase of electricity production from the steam turbine.

Figure 26 Solair asp oh hricl with ' \alur.il has (:¢>Firing
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( lStorage C<>nliguration based on To Tan k Molten Salt System
Concentrating solar power technologies are being enhanced with the addition of energy storage systems.
with the use of a thermal energy storage system, solar plants are able to produce energy output during non-
daylight hours. One of the materials being used to store the suns thermal capacitance is molten-nitrate salt.
In this design configuration, large insulated tanks filled with molten salt are used with PTPP technology to
store the heat from the synthetic transfer oil. This stored heat is used to improve the dispatchability of the
solar resource by providing power after the sun goes down. Systems employing this storage technology may
benefit from the stored heat and produce power for 6-8 hours after sundown.
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Figure 27 Sola! (QSP with Thcrmul Sloruggc
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Solana (itmr itin<' Station
Solana solar thermal plant, a PTPP concentrating solar power CSP plant and the first in the U.S. with thermal

energy storage began commercial operations in October 2013.27

The 280-MW plant, near Gila Bend in Arizona, employs molten salt to store about six hours of thermal energy
at full power, allowing the facility to continue operating during periods of peak evening demand. The addition
of thermal storage also allows the facility to smooth out any intermittency in generation as a result of cloudy
periods during the day, which allows the plant to operate more like a traditional thermal generating system.

The three-square mile facility employs 2,700 parabolic trough mirrors and a pair of 140MW steam turbines.
Heated oil from the mirrors is used to heat molten salt in six pairs of hot and cold tanks with a capacity of
125000 metric tons.

Solana sells all its power to Arizona Public Service, the state's largest utility, through a 30-year PPA. The
facility cost approximately $2 billion to build, and was financed in part with a $1.45 billion loan guarantee
from the Department of Energy.

2 7  F o r  m o r e  i n fo r m a ti o n  s e e
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Wind Power

Resource Char;1ctcristics
Wind power is the process of mechanically harnessing kinetic energy from the wind and converting Ir into
electricity. The most common form of utility-scale wind technology uses a horizontal-axis rotor with turbine
blades to turn an electric generator mounted at the top of a tall tower. For utility-scale wind power
production, dozens of wind turbines may be grouped together at a wind farm project. Power generated by
the wind turbines is collected at a substation where transformers increase the voltage and the power is then
fed into the transmission system.

Because air has low mass, the wind itself has low energy density. The amount of wind power that can be
produced at a given project site is dependent on the strength and frequency of wind. Wind velocity
determines quantity of power that can be produced. For example, a doubling of wind speed allows roughly
eight times as much power to be produced.

Over the last twenty years, the use of wind power has increased rapidly, making it the predominant form of
new renewable generation resource, with many largescale installations around the world. Major advances in
wind power technology were achieved in the 1990s and 2000s, allowing much larger turbines to be
developed. For example, wind turbines with a capacity of 1.5 megawatts to 5 megawatts are now common
and wind turbines larger than 8 megawatts are being developed. This has created economies of scale, driving
down the unit cost of energy from wind power resources.

Figure 28 Kinsman Wind Farm (10MW Project)
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ITS. Wind Resource Map

Map 5 U.S. Will Ros(»\ll<< '\1;\p

United States -Annual Average Wind Speed at 30 m
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Arizona Wind Res our<:e Map

The U.S. Department of Energys Wind Program and the NREL published an 80-meter (m) height wind

resource map for Arizona28. The Arizona Wind Resource Map shows the predicted mean annual wind speeds

at an 80-m height Areas with annual average wind speeds around 6.5 meters per second and greater at 80-m

height are generally considered to have a resource suitable for wind development. Utility-scale, land-based

wind turbines are typically installed between 80m and 100m high. NREL publishes wind resource maps at

elevations of 30m, 50m, 80 m, 90 m (offshore), and 100m.

Map 6 Arizona NREL Wind Resource Map

Arizona - Annual Average Wind Speed at 80 m
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Arizona Wind Resource Potential
It is estimated that Arizona's wind resource capacity potential is approximately 10900 MW based on an

annual capacity factor of 30%. On an annual basis this results in 30,600 GWh of potential annual wind

generation for the state.

(.hairs 32 Arizona NREL Win al l{vs(n1l.<¢~ Puttnli.\l

Arizona - Wind Resource Potential

Cumulative Rated Capacity vs. Gross Capacity Factor (CF)
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New Mexico Wind Resource Map
The U.S. Department of Energy's Wind Program and the NREL published an 80-m height wind resource map

for New Mexico. The New Mexico Wind Resource Map shows the predicted mean annual wind speeds at an

80-m height. Areas with annual average wind speeds around 6.5 meters per second and greater at 80-m

height are generally considered to have a resource suitable for wind development. Utility-scale, land-based

wind turbines are typically installed between 80 and 100 m high. As mentioned above, NREL publishes wind

resource maps at elevations of 30m, 50m, 80 m, 90m (offshore), and 100m.

New \l¢.\1co l\Rlil \\imp f 'o\\i1. \1 ap - 80mMap 7

New Mexico -Annual Average wind Speed at 80 m
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I

i

New Mexico Wind Resource Potential
It is estimated that New Mexico's wind resource capacity potential is approximately 492000 MW based on an
annual capacity factor of 30%. On an annual basis this results in 1,645,000 GWh of potential annual wind

generation for the state.

Chart 33 - New Mexico Wind Resource Potential

New Mexico - Wind Resource Potential
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Wind Resource Technology

As the wind starts to blow, yaw motors turn a turbine's nacelle so that the rotor and blades face directly into
wind. The blades are shaped with an airfoil cross section (similar to an aircraft wing) and this causes air to
move more quickly over one side than the other. This difference in speed causes a difference in pressure,
which in turn causes the blade to move, the rotor to turn, and a rotational force (or torque] to be generated.

The rotor is connected to a gearbox (on most turbines) and in turn to a generator housed in the nacelle that
converts the torque into electricity. The electricity is then fed into a transformer located either inside or just
outside the turbine which steps up the voltage to reduce losses in the transmission of electricity. From there
the electricity travels through underground cables to an electricity substation, usually on or near the wind
farmsite,where the voltage is stepped up with power transformers and exported to the local grid.

There are four types of utility-scale wind turbines now in use, with the majority of new installations being
types Ill and IV due to their use of power electronics to control behavior and generate at a much wider
window of wind speeds.

Type I:Squirrel cage induction generator

Type ll:Wound-rotor induction generator with adjustable external rotor resistance

Type Ill:Doublyfed induction generator

Type IV:Induction generator with full converter interface

Typically turbines begin to generate electricity at wind speeds of 34 m/s (79 mph). The amount of torque
(and thus electricity] generated increases with wind speed up to around 15 m/s (34 mph) where the
maximum (or rated) capacity of the turbine is reached. Output is then maintained at this level until a turbine
is shut down when the wind reaches high speeds of around 25m/s (57 mph) to protect it from excessive loads
though the turbines are in fact designed and certified to withstand wind speeds up to 70 m/s (157 mph).
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Figure 29 3DDrawing alNord ex N80/2500kW WindTurbine
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3. Gearbox converts the rotational speed of

the rotor to a suitable speed for the

generator.
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4. Yaw motors continually turn the nacelle
so as to ensure the rotor faces into the wind.

5. Tower supports the nacelle and rotor.

The tower contains electrical cables and

access ladders.

6. Generator converts the torque generated

by the rotor to electrical energy.
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Wind PowerTechnology and Fuel

Characteristics

Kinetic energy of the wind is transformed into mechanical energy through
a rotor, and then into electrical energy by a generator housed inside the
nacelle of a wind turbine tower.

Benefits
Historically one of the cheapest forms of renewable energy in most of the
US. Can provide energy at any time of the day/night.

Risks Generally more intermittent and less predictable than the output from
solar facilities.

Construction Lead Time 1 year.
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I3 ioer1ergy/Bio Resources

Biofuels are a set of energy resources that are produced using biologicalprocesses,and can be derived
directly from plants or indirectly through other processes including agricultural waste.

Some types ofbiofuel power plants utilize the heat produced from the combustion of biological materials to
produce electricity. Bio fuel generation, from multiple sources, is a relatively mature, proven technology. in

addition, biomass resources like other forms of renewable energy, can be at or near carbonneutral. Being

carbon-neutral refers to achieving net zero carbon emissions by balancing a measured amount of carbon

released with an equivalent amount sequestered or offset.

The National Renewable Energy Laboratory publishes maps that provide data related to the available annual

biomass for fuel and other use. Most of this biomass is based on agricultural waste from U.S. farms.
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Biomass Resources of the United States
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I
Arizona Biomass Map
The Arizona NREL Biomass Map illustrates the biomass resources available in Arizona by county. Biomass

feedstock data are analyzed both statistically and graphically using a Geographic Information System (GIS). The

following feedstock categories are evaluated: crop residues, forest residues, primary and secondary mill

residues, urban wood waste, and methane emissions from manure management, landfills, and domestic

wastewater treatment.
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New Mexico Biomass Map
The New Mexico NREL Biomass Map illustrates the biomass resources available by county in New Mexico.
Biomass feedstock data are analyzed both statistically and graphically using a GIS. The following feedstock
categories are evaluated: crop residues, forest residues, primary and secondary mill residues, urban wood
waste, and methane emissions from manure management, landfills, and domestic wastewater treatment. The
map shows the available biomass resources, as do the other maps shown in this report for various regions, but
does not indicate actual use of those resources.

Map 10 - New Mexico NREL Biomass Map
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Rio mass Technolrigv Overview
Biofuel energy sources can be divided into two broad categories: biomass and biogas.

Bimmlss This category includes all solid biological materials. The most common source of biomass fuel is
wood. However this category can also include manure, sewage sludge, agricultural waste and even cultivated
biomass agricultural products such as grasses.

Biomass power plants operate in a manner very similar to coal and natural gas power plants. In general, the
heat produced from combustion of the biomass is used to produce steam that in turn is used to spin a turbine
and produce electricity. In addition to dedicated biomass power plants there is also the potential for using
biomass sources as a cofiring fuel with traditional resources such as coal.

Hioqc: This category includes the capture of gasses naturally produced as a part of biological processes. One
of the most common biogas is methane, and is often collected from the process of decay at landfills. Another
potential source is the methane produced from bacterial digestion of manure.

Biogas resources may be used to produce electricity as part of a dedicated plant in the same manner as a
traditional natural gas plant, and biogases are sometimes used to supplement other fuel sources.

Tl.(IllsI71fssiuf1 and Siring Recyuirements
Bio fuel resources may or may not require significant electric transmission upgrades depending on the location
of the source of fuel. For instance, plants utilizing wood waste or gas produced as a part of sewage treatment
would likely be located near load centers and require minimal additional transition resources. On the other
hand a plant utilizing agricultural or forest thinning waste would likely be located a significant distance from
load centers and may require electric transmission upgrades.

\A 1
. I f v1; (./1w4

One of the potential advantages for the adoption and use of biomass power plants is that it can be used as a
dispatchable, reliable, base load resource (in contrast to many other renewables). Directfired biomass power
plants often operate at capacity factors of 85% and above, similar to coal and natural gas powered plants.

linvirfinmcfitcll A t trilnlh
The principal environmental advantage for using biofuels is that bio fuels are considered carbon-neutral. While
the process of burning bio fuels does release C02, a nearly equal amount of C02 is absorbed from the atmosphere
as the biological source of the fuel grows. While the burning ofbiofuels is carbon-neutral, it does entail
significant emissions of NOx and PM, requiring the use of scrubbing technology at the power plant. In addition
to some unfavorable emissions, the use of biomass also risks other negative environmental impacts if the fuel is
not collected in a sustainable manner. in general however, biofuels are harvested from waste sources and
sustainability is generally an insignificant issue.
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l{\1cc Tnr 1wnlogy Summary

BiomassTechnology and

Fuel

Characteristics
Electricity generated through the combustion of biologic material or biologic material

byproducts (i.e., biogas).

Benefits
Similar in concept to traditional thermal-based power plants. Carbon emissions can be

partially or fully offset through CO2 sequestration by the replacement feedstock.

Risks Currently about twice the cost of other renewable energy sources.

5 years.Construction Lead

Time

Natural  Gas  Resources

Advances in natural gas exploration and development, such as directional drilling and hydraulic fracturing,
have dramatically increased the amount of proven reserves in the US and consequently brought prices down to

about onefourth of their peak in 2008. This, plus the increasing costs of controlling emissions from coalfired

power plants, has led to an increase in electricity generation from natural gasfired power plants, which now

exceeds generation from coalfired power plants nationally.

There are a number of ways natural gas can be used to generate electricity. As with other fossil fuels, it can be

burned in boilers to generate steam. A more efficient process, and the one used predominantly to generate

electricity from natural gas, is the combined cycle process, which is described below. Finally, natural gas can be

used in simple cycle combustion turbines to produce electricity. This technology is not as efficient as combined

cycle but has operational advantages over steam and combined cycle technologies, such as cycling on and off

more frequently (and at less cost) and changing its output more rapidly to follow rapid load changes or to

compensate for rapid power changes from solar and wind resources. Combustion turbines thus have the most

value when used as grid balancing resources and are discussed further in Chapter 7.

Natural gas combined cycle technology is the most efficient and cost-effective way of generating electricity from

natural gas. The basic principle of NGCC is to produce power in a gas turbine which can be converted to electric

power by a coupled generator, and to use the hot exhaust gases from the gas turbine to produce steam in a heat

recovery steam generator (HRSG). This steam is then used to drive a turbine and generator to produce more

electric power. The use of both gas and steam turbines in a single plant results in higher conversion efficiencies

and lower emission. Additionally, natural gas can be fired in the HRSG to produce additional steam and

associated output for meeting peak loads - a process commonly referred to as duct firing. The heat rate will

increase during ductfired operation, but this incremental ductfired heat rate is generally less than the

resultant heat rate from a similarly sized simple cycle natural gas power plant.
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\1 r`r*r P l.~.~\lnn. Cn "w

Natural Gas Combined Cycle (NGCC)Technology and Fuel

Characteristics

Uses natural gas to power one or more combustion turbines whose exhaust is used

to generate steam for an additional turbine, resulting in a highlyefficient electricity-

generation process.

Benefits

Produces electricity more efficiently and with fewer emissions than other fossil-

fired technologies. Capable of changing out put more rapidly and following load

more closely than other fossilfired technologies.

Risks
Over the long term, costs are subject to natural gas prices and greenhouse gas

regulations.

Construction Lead Time 3 years.
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Coal Resources
As shown on Chart 34, below, the percentage of U. S. electric power generation from coal has been on a decline
since 2008. This decline is largely due to reduced costs of competing sources of generation such as natural gas,
solar and wind. However, in 2017 and 2018, as natural gas prices are expected to increase, coal is predicted to
regain some share of the electricity generation mix, and coal production is expected to increase slightly.

Chart 34 U.S. Net Electricity Generation
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The U.S. Energy Information Administration expects the share ofU.S. total utility-scale electricity generation
from natural gas will fall from 34% last year (2016) to an average of 32% in 2017 as a result of higher expected
natural gas prices. The forecast natural gas share is forecast to rise slightly to 33% in 2018. CoaTs generation
share rises from 30% in 2016 to average 31% in both 2017 and 2018. Non-hydropower renewables are
forecast to provide 9% of electricity generation in 2017 and 10% in 2018.
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Pulveri7<*d Coal Technology Sumniniw .intl (its

Technology and Fuel SubCritical Design, Pulverized Coal

Characteristics

Unit capacity can range in size from 250 to 600 MW. Performance characteristics

range anywhere from 9,500 to 10,500 Btu per kph. Annual capacity factors for

these units range from 80 to 90% Units

Benefits

Mature technology. Fuel price stability and abundant supply Resources are

used to serve base load obligations. Coal plant plants are often used for system

regulation and meeting spinning reserve requirements.

Risks Coal plants are typically sited in remote locations requiring high capital

investment in both plant and transmission. High CO2 emissions risk and high

cooling water requirements.

Construction Lead Time 7 Years

lnteg

Technology and Fuel

cation Combined-Cycle (IGCC)

Combined Cycle Plants, Coal Gasification

Characteristics

Newer technology. Unit capacity can range in size from 400 to 600 MW.

Performance characteristics range anywhere from 9,000 to 11,000 Btu per kph.

Annual capacity factors for these units average 75%

Benefits
Designs that incorporate carbon capture and storage (CCS) are projected to be

less expensive than coal facilities equipped with CCS.

Risks Higher capital costs than other coal and natural gas resources. Carbon capture

and storage technology unproven.

Construction Lead Time 8 Years for IGCC without CCS, 9 Years for IGCC with CCS
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TEP

Coal Market Prices
currently has ownership shares in four coal-fired power plants in Arizona and New Mexico, most of which

are under longterm contracts for coal supply.

Chart 35 TEP (n.ll TriLe Assumptions
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Nuclear Res()lll(cs
When largescale nuclear power plants went online over 60 years ago it was a promising technology that

delivered safe, reliable and most importantly, clean energy. In 2015, nuclear energy production was

approximately 800 TWh or 20% of the total U.S. electric generation. The downside to nuclear power plants is

the cost. The plants are expensive to develop, construct and expensive to operate. As the cost of renewable

energy continues to decline and new technologies deliver low carbon power more reliably, the costs of nuclear

plants become more unattractive. Combine these factors with projected low natural gas prices, nuclear

becomes even more costly by comparison. in the last 5 years, a handful of nuclear power plants have been
retired, including San Onofre in southern California in 2012 and 2013. Pacific Gas & Electric, owner and

operator of Diablo Canyon Power Plant, announced that it will retire 2,160 MW when licenses expire in in 2024

and 2025.

Small Modular Nllclutlr Reactors
Small modular nuclear reactors (SMR), approximately one-third the size of current nuclear plants, are compact
in size (300 MW or less) and are expected to offer many benefits in design, scale, and construction (relative to
the current fleet of nuclear plants) as well as economic benefits. As the name implies, being modular allows for
factory construction and freight transportation to a designated site. The size of the facility can be scaled by the
number of modules installed. Capital costs and construction times are reduced because the modules are self-
contained and ready to be "dropped-in" to place.

A World Nuclear Association 2015 report on SMR standardization of licensing and harmonization of regulatory
requirements, said that the enormous potential ofSMRs rests on a number of factors:

>

>

>

>

Because of their small size and modularity, SMRs could almost be completely built in a controlled

factory setting and installed module by module, improving the level of construction quality and

efficiency.

Their small size and passive safety features make them favorable to countries with smaller grids and
less experience with nuclear power.
Size, construction efficiency and passive safety systems (requiring less redundancy) can lead to easier

financing compared to that for larger plants.

Moreover, achieving 'economies of series production' for a specific SMR design will reduce costs
further.

The World Nuclear Association lists the features of an SMR, including:

>

>

>

>

>

Small power, compact architecture and usually employment of passive concepts (at least for nuclear

steam supply system and associated safety systems). Therefore there is less reliance on active safety

systems and additional pumps, as well as AC power for accident mitigation.

The compact architecture enables modularity of fabrication (infactory), which can also facilitate
implementation of higher quality standards.
Lower power leading to reduction of the source term as well as smaller radioactive inventory in a
reactor (smaller reactors).
Potential for subgrade (underground or underwater) location of the reactor unit providing more
protection from natural (Ag. seismic or tsunami according to the location) or manmade (eg. aircraft
impact] hazards.
The modular design and small size lends itself to having multiple units on the same site.
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>

>

Lower requirement for access to cooling water - therefore suitable for remote regions and for specific
applications such as mining or desalination.
Ability to remove reactor module or in-site decommissioning at the end of the lifetime

ligure 30
50 M\\c NuScale Power Moilulc

The World Nuclear Association website has detailed information related to
SMRs. The website is located at:
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NuScale PoverTy is developing 50 MWe modules that can be scaled up to
600 MWe (12 modules). The scalability ofSMRs allows for small utilities
like TEP to consider their viability while lessening the financial risk. In
December of 2013, NuScale was awarded a grant by the DOE that would
cover half (up to $217 million) to support development and receive
certification and licensing from the Nuclear Regulatory Commission [NRC]
on a single module.
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In the fall of 2014, NuScale signed teaming agreements with key utilities in

the Western region, which include Energy Northwest in Washington State

and the Utah Association of Municipal Power Systems (UAMPS)

representing municipal power systems in Utah, idaho, New Mexico, Arizona,

Washington, Oregon, and California. This initial project, known as the
UAMPS Carbon Free Power Project, would be sited in eastern Idaho and is

being developed with partners UAMPS, which will be the plant owner and

Energy Northwest, which will be the operator. The team expects that the

12-module SMR will be operation in 2024.
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Figure 31 . NuScale Crosssection of Typical NuScale Reactor Building

4

i I f ' *

E.`
\
\x

Lu.

l l
ll¢*"7
I

s . . . .

reac

.. 5...
.J

8i
:m

xi

129"'-1,,¢

l'vrmitting and Time tn Criinmerrial (llwixitiiiii
As mentioned above, the UAMPS Carbon Free Power Project is expected to be in operation by 2024. The project

timeline and milestone targets are tightly coordinated to complete the project in 11 years. Design and

engineering is complete in the first 7 years and it overlaps with the licensing timeline. Construction and

fabrication spans the remaining S years of the schedule.

§'\1 l ' Tnrhnrilnov Qiinwmurv

Small Modular Nuclear Reactor (SMR), PlutoniumTechnology and Fuel

Characteristics

Unit Capacity can range in size and modules are combined to achieve economy

of scale. SMR is typically considered under 300 Mw. Base-load type capacity

factors (95%). NuScale Power is developing a power plant with funding and

partnership with the DOE.

Benefits
Zero emissions and high capacity factors. Modular and factorybuilt,

assembled on site.

Risks High capital costs and no large scale production. Prototypes are being

developed. Spent nuclear fuel disposal and maximum security required.

Construction Lead Time 11 years
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CHAPTER 7

GRID BALANCING AND LOAD LEVELING RESOURCES

hncrgv Storage
New challenges presented by greater amounts of renewable generation have prompted a greater interest in
electric energy storage. The term Energy Storage System (ESS) covers many different types of technology. Each
technology has specific attributes and applications that lead to using them based on individual system
requirements for an identified need. The energy storage technologies are made up of systems such as pumped
hydro compressed air energy storage, various types of batteries, and flywheels.

Pininpml Iivclrol'ou1i
This technology has been in use for nearly a century worldwide. Pumped hydro accounts for most of the
installed storage capacity in the United States. Pumped hydro plants use lower cost off-peak electricity to pump
water from a lowelevation reservoir to a higher reservoir. When the utility needs the electricity or when power
prices are higher, the plant releases the water to flow through hydro turbines to generate power.

Typical pumped hydro facilities can store enough water for up to 10 or more hours of energy storage. Pumped
hydro plants can absorb excess electricity produced during offpeak hours, provide frequency regulation, and
help smooth the fluctuating output from other sources. Pumped hydro requires sites with suitable topography
where reservoirs can be situated at different elevations and where sufficient water is available. Pumped hydro
is economical only on a large (2502,000 MW] scale, and construction can take several years to complete.

The roundtrip efficiency of these systems usually exceeds 70 percent. Installation costs of these systems tend
to be high due to siring requirements and obtaining environmental and construction permits presents
additional challenges. Pumped hydro is a proven technology with high peak use coincidence.
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Compressed Air f€nergv Storage (CAPS)
A leading alternative for bulk storage is compressed air energy storage. CAES is a hybrid generation/storage

technology in which electricity is used to inject air at high pressure into underground geologic formations. CAES

can potentially offer shorter construction times, greater siring flexibility, lower capital costs, and lower cost per

hour of storage than pumped hydro. A CAES plant uses electricity to compress air into a reservoir located

either above or below ground. The compressed air is withdrawn, heated via combustion, and run through an

expansion turbine to drive a generator. The dispatch typically will occur at high power prices but also to meet

system needs.

CAES plants can use several types of airstorage reservoirs. In addition to salt caverns, underground storage

options include depleted natural gas fields or other types of porous rock formations. EPRI studies show that

more than half the United States has geology potentially suitable for CAES plant construction. Compressed air

can also be stored in above-ground pressure vessels or pipelines. The latter could be located within right-of-

ways along transmission lines. Responding rapidly to load fluctuations, CAES plants can perform ramping duty

to smooth the intermittent output of renewable generation sources as well as provide spinning reserve and

frequency regulation to improve overall grid operations.

i3 . i1urics

Several different types of large-scale rechargeable batteries can be used for ESS, including lead acid lithium ion,

sodium sulfur (NaS), and redo flow batteries. Batteries can be located in distribution systems closer to end

users to provide peak management solutions. An aggregation of large numbers of dispersed battery systems in

smart-grid designs could even achieve near bulkstorage scales.

In addition, if electric and plugin hybrid electric vehicles become widespread their onboard batteries could be

used for ESS, by providing some of the supporting or "ancillary" services in the electricity market, such as

providing capacity, spinning reserve, or regulation services, or in some cases, by providing loadleveling or

energy arbitrage services by recharging when demand is low to provide electricity during peak demand.

Flvwheels
These rotating discs can be used for power quality applications since they can charge and discharge quickly and

frequently. In a flywheel, energy is stored by using electricity to accelerate a rotating disc. To retrieve stored

energy from the flywheel, the process is reversed with the motor acting as a generator powered by the braking

of the rotating disc.

Flywheel systems are typically designed to maximize either power output or energy storage capacity,

depending on the application. Lowspeed steel rotor systems are usually designed for high power output, while

high-speed composite rotor systems can be designed to provide high energy storage. A major advantage of

flywheels is their high cycle life-more than 100,000 full charge/discharge cycles.

Scalepower versions of the system, a 100 kW version using modified existing flywheels which was a proof of

concept on approximately a 1/10th power scale, performed successfully in demonstrations for the New York

State Energy Research and Development Authority and the California Energy Commission.
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Energv Storage Applicability
Although the list of energy storage technologies discussed above is not all-inclusive, it begins to illustrate the
point that not every type of storage is suitable for every type of application. Typical use applications for energy
storage technologies may include:

Lnaawinwui

Fv\<w°'\w
Flegulatiun

Energy Management - Batteries can be used to

provide demand reduction benefits at the utility

commercial and residential level. Batteries can be

designed to replace traditional gas peaking resources.
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Because of the different use case potentials the technologies can be implemented in a portfolio strategy.

There are four challenges related to the widespread deployment of energy storage:

>
>
>
>

Cost Competitive Energy Storage Technologies (including manufacturing and grid integration)
Validated Reliability & Safety
Equitable Regulatory Environment
Industry Acceptance

TEP shows the need to develop a portfolio of future storage technologies that will support longterm grid
reliability. The need for future storage technologies is focused on supporting the need for quick response time
ancillary services. These services are listed below:

>
>
>
>
>

Load Following/Ramping
Regulation
Voltage Support
Power Quality
Frequency Response

Figure 32 - Fnergy Storage Value Proposition
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Energv Storage Technology Summarv

BatteriesTechnology and Fuel

Characteristics Various storage chemistries and energy/power configurations are available.

Benefits

High degree of flexibility in terms of siring, application (e.g., energy vs ancillary

services), and scalability. Single systems can serve multiple purposes. Prices for

most battery types are rapidly declining.

Risks Levelized costs are still higher than other forms of energy storage, industry

standards are still evolving, and some benefits can be difficult to monetize.

Construction Lead Time 6 months.

Pumped Hydiw

Pumped HydroTechnology and Fuel

Characteristics
Water is pumped from a lower reservoir to a higher reservoir, and the energy is

recovered by releasing the water through hydro turbines.

Benefits
Mature technology capable of storing large amounts of energy for use over

many hours at a time.

Risks
Requires suitable topography for the upper and lower reservoirs and a large up-

front capital investment.

Construction Lead Time 5 years.

i i i n iwCom essed Air Energy \
Technology and Fuel Compressed Air Energy Storage (CAES)

Characteristics
Air is compressed, typically in underground geologic formations, and the energy

is recovered by using the compressed air to supply a combustion turbine.

Benefits
Mature technology capable of storing large amounts of energy for use over

many hours at a time.

Risks
Very little commercial experience and requires a large up-front capital

investment.

Construction Lead Time 3 years.
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Fast Response Thermal Generation
TEP's 30% by 2030 renewable energy target will necessitate the construction or acquisition of fastresponding

generating resources. Reciprocating internal combustion engines (RICE) and combustion turbines (CTs) are

the preferred technology that will assist in mitigating renewable energy intermittency and variability. RICE

have quicker start~up and ramping capabilities than most CTs. Aeroderivative CTs are based on aircraft jet

engine design with increased cycling capabilities. These units can ramp faster than large frame combustion

turbines making them wellsuited for peaking and loadfollowing applications. Large frame CTs have higher

heat rates than aeroderivative and RICE but they produce higher temperature exhaust, so it makes them more
suitable for combined cycle configurations.

Reciprocating Internal Combustion Engines
RICE are simply combustion engines that are used in automobiles, trucks, railroad locomotives, construction
equipment, marine propulsion, and backup power applications. Modern combustion engines used for electric
power generation are internal combustion engines in which an airfuel mixture is compressed by a piston and
ignited within a cylinder. RICE are characterized by the type of combustion: sparkignited, like in a typical gas
powered vehicle or compressionignited, also known as diesel engines.
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An emerging use of these engines is in largescale electric utility generation. The combustion engine is not a

new technology but advances in efficiency and the need for fastresponse generation make it a viable option to

stabilize variable and intermittent electric demand and resources. RICE has demonstrated a number of

benefits;

>

>

>

>

Fast Start Times - The units are capable of being online at full load within 5 minutes. The fast
response is ideal for cycling operation. RICE can be used to 'smooth out intermittent resource
production and variability.
Run Time - The units operate over a wide range of loads without compromising efficiency and can be
maintained shortly after shut down. After shut down, the unit must be down for 5 minutes, at a
minimum to allow for gas purging.
Reduced O&M - Cycling the unit has no impact on the wear of RICE. The unit is impacted by hours of
operation and not by starts and cycling operations as is the case with combustion turbines.
Fast Ramping - At start, the unit can ramp to full load in 2 minutes on a hot start and in 4 minutes on a
warm start. Once the unit is operational, it can ramp between 30% and 100% load in 40 seconds. This
ramping is comparable to the rate that many hydro facilities can ramp at.
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>

>

>

>
> i

Minimal Ambient Performance Degradation - Compared to Aeroderivative and Frame type combustion
turbines, RICE output and efficiency is not as drastically impacted by temperature. The site altitude
does not significantly impact output on RICE below 5,000 feet mean sea level.
Gas Pressure - RICE can run on low pressure gas, as low as 85 PSI. Most CT's require a compressor for
pressure at 350 PSI.
Reduced Equivalent Forced Outage Rate ("EFOR") - Each RICE has an EFOR of less than 1%. A facility
with multiple RICE will have a combined EFOR that is exponentially less by a factor of the number of
units at the facility.
Low Water Consumption - RICE use a closed-loop cooling system that requires minimum water.
Modularity - Each RICE unit is built at approximately 2 to 20 MWs and is shipped to the site.

An intriguing application for RICE is its potential for regulating the variability and intermittency of renewable
resources.
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Technology and Fuel Reciprocating Internal Combustion Engine (RICE), Natural Gas or Diesel

Characteristics

Unit capacity can range in size, TEP is evaluating 10 and 20 MW sized units that

run on natural gas. Expected heat rate is approximately 8,000 Btu/kWh. These

engines have a proven performance record as they've been used in marine crafts

for decades. The units scaled for electric generation will deliver loadserving and

gridbalancing services. The units are quick starting and fast responding.

Benefits

RICE meets the need for peak capacity and more importantly for fast response to

renewable intermittency and variability. The units use circulating water for

cooling and therefore require minimal water. RICE is modular in size and can

start within 2 to 5 minutes.

Risks

Natural gas price volatility

Construction Lead Time

2 years

Large Frame Combustion Technology Summary

Technology and Fuel Combustion Turbines (Large Frame), Natural Gas

Characteristics

Unit capacity can vary from 50 to 350 MW. Expected heat rate can range from

9,300 Btu/kWh for the larger units while the smaller units demonstrate a heat

rate near 11,000 Btu/kWh. Typical start time is slower than RICE or

Aeroderivative but equipment options from manufacturers can bring them

closer.

Benefits

Large frame CTs can meet a need for intermediate and baseload applications.

The units can be coupled for combinedcycle generation. Capital cost per kW are

below Aeroderivative and RICE.

Risks Natural gas price volatility

Construction Lead Time 2.5 years
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l ~11l\.(\1 . i\1 l su u l l \ son Turlninc lcchnology Summary

Combustion Turbines (Aeroderivative), Natural GasTechnology and Fuel

Characteristics

Unit capacity can vary from 20 to 100 Mw. Performance during summer peak

conditions is approximately 10,000. Faster start and ramp than large frame

simple cycle CTs

Benefits

Meet the need for peaking capacity and load following applications. The units

can be sited locally and help to reduce transmission infrastructure. Reduced

water consumption.

Natural gas price volatility
Risks

3 years

Construction Lead Time

Ill.

l

l

l

it 11. <pol1sG

Demand Response refers to a class of programs offered by the utility to incentivize customers, generally C&l

customers with high energy demand, to reduce their energy demand (kW) based on system needs. DR

programs may be used to support standard benefits which include avoided firm capacity required to meet

reserve requirements, reduced or avoided open-market power purchases during periods of high energy prices,

and greater grid stability and reduction in outages due to reduced grid demand. Although DR has traditionally

been focused on providing "capacity" through a reduction (i.e. curtailment) in customer demand during peak

periods, it is increasingly being considered for additional services such as ramping or load leveling, wherein

energy demand is "rescheduled" versus curtailed.

Customers enter into DR agreements voluntarily and in doing so receive a financial incentive, such as a reduced

electricity rate in exchange for committing some portion of their energy demand to the utility's control. These

agreements typically have limitations including the amount of energy demand the customer commits to the

utility, as well as the number and duration of events during which the utility can call on the demand reductions.

Some agreements even provide customers the option to "opt out" of a particular call event, which makes certain

portion of the DR capacity less than 100% dispatchable.

Strategies used by customers under DR agreements include:

U r

l >

l >
»

Reduction of HVAC load

Reduction of other mechanical load (compressors motors)

Reduction of lighting load

Curtailment of production lines

Page 177



Tucson Electric Power

The specific strategies that customers use to meet their DR commitments will depend on certain external

conditions such as time of day season, weather, etc., and can also depend on the amount of advance notice

provided by the utility. Because customers have energy needs specific to their line of business, DR programs

are most effective at meeting predictable utility needs such as summer peak where a utility can provide a day

ahead notice based on high forecast temperatures. DR is less effective (i.e. less dispatchable) at meeting

unexpected or intermittent energy demands.

Demand Response Technology Summary

Technology

Characteristics

utility installed thermostats and switches at customer site used to control customer

demand.

The goal of DR is to reduce customer peak demand rather than overall energy use.

Programs target summer peak periods to offset the utilities' need to procure

additional resource capacity. Programs may utilize cycling methodologies, load

shifting, or direct interruption during summer peaks or system emergencies.

Benefits Depending on program design, DLC is often utilized as a dispatchable resource as part

of utility operations. Can decrease utility ramping demand as well as well as load

leveling and providing peak capacity, potentially deferring or delaying the need for

additional generation or transmission capacity.

Risks Challenges include limited customer participation, minimum yearly call options and

low dispatch duration.

1 YearProgram Lead Time

Rate Des ign

One element of the provision of electric utility services that affects customer usage patterns and, therefore,

impacts future capacity needs is retail rate design. However, consideration of the impact of rate design on

resource planning is often neglected in the IP process. This section provides an overview of approaches to

retail rate design that may affect future resource needs and should be considered as components of the IP

process. The two broad rate design categories discussed in this section are demand rates and timevarying

rates. That is followed by a brief discussion of the effects of increased penetration of DG on system operations

and future capacity needs and the implications for rate design. The section ends with an overview ofTEn's

approach retail rate design as it relates to resource planning.
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Demand Rates
The most basic electric utility rate design is the twopart rate which consists of a fixed basic service charge and

volumetric energy charges assessed on the kph consumed during a billing period. Most residential and small

commercial customers receive service on a twopart rate structure.

Demand rates, or threepart rates assess charges on a customer's peak demand during a billing period in

addition to a fixed charge and volumetric energy charges. The peak demand upon which the customer is billed

may be measured as the customer's maximum kW over time intervals ranging from instantaneous to a onehour

interval. Billing demand may also be defined as the maximum demand over the entire billing period or only

during defined onpeak periods and may incorporate a demand ratchet. A demand ratchet further defines

billing demand as the maximum of measured demand and some percentage of maximum billing demand for a

set number of prior billing periods. Because system peak demand is a major driver in the need for additional

generating capacity, charging customers directly for their contribution to system peak may provide a price

signal that reduces peak demand and therefore results in delaying the need for future capacity additions.

Medium and large commercial customers and industrial customers usually take service on some variation of a

three-part demand rate.

limeVarying Rates
Time-varying rates, if designed properly, may be used to induce load shifting from peak to offpeak periods by

providing a price signal that results in higher prices during peak periods and lower prices during offpeak

periods. Shifting loads may reduce the need for additional capacity by reducing the need for energy supply at

peak times. Timevarying rates may also be used in a threepart demand rate structure and both the demand

and energy components of the rate design can have timevarying elements.

Timevarying electric rates include Timeofuse (TOU) rates, critical peak pricing and realtime pricing (RTP).

TOU is the most basic and by far the most commonly used of timevarying approaches to retail electric pricing

and consists of predefined peak and offpeak time periods with differentiated pricing for each. RTP is the most

sophisticated and variable approach, with hourly prices determined by day-ahead market prices or realtime

spot market prices for electricity. Critical peak pricing rates are fixed rates where customers are charged higher

prices during peak demand events that are announced in advance. A variation of critical peak pricing is a

pricing regime where customers receive a rebate for reducing usage during a preannounced peak demand
event.

l l l \ l l l b u t € d  G e ne r a t i o n
The increased penetration of DG, predominantly rooftop solar in the TEP service area creates some challenges

for both system operations and system capacity planning and the Company recognizes the need to adapt its rate

design to address these challenges. The peak period for rooftop solar production occurs during midday and

does not coincide with the TEP system peak periods, which occur in the late afternoon during the summer and

morning and late afternoon to early evening during the winter. As a result rooftop solar energy output is

highest on the system during midday when energy resources are abundant. However, increasing solar

generation may have only a minor impact on reducing system peak demand. Therefore future rate designs

should focus more on shifting consumption away from the system peak periods into the periods of peak solar

production, which has the benefit of improving system load factor and operations and also alleviates the need

for future capacity additions to serve peak demand. From a rate design perspective combining TOU rates with

demand rates and expanding offpeak hours to include more hours with abundant rooftop solar energy will

serve to modernize utility rate design and address the challenges put forth by increased DG development.
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TOP Rate Des ign

Currently, TEP offers optional TOU rates to all retail customer classes except Large Power Service (LPS)

customers who take service only on a TOU rate. Residential and Small General Service customers have

historically taken service on twopart rates and the LGS and LPS customer classes have mandatory threepart

demand rate structures. TEP has formed a Medium General Service (MGS) customer class where customers will

be moved predominantly from the Small General Service class and placed on a three-part demand rate

following a transition period.

TEP recognizes the impacts that increasing rooftop solar penetration will have on system load shapes and the

challenges that poses for system operations and capacity planning. In the Companys 2015 rate case, TEP

proposed, and the ACC approved, several changes to its existing retail rates to address these challenges with a

more modern rate design. For example, TEP expanded rate options for Residential and Small General Service

customers to include threepart demand rates. These rate options also have TOU variants for energy charges

and billing demand is defined as the maximum one-hour measured kW demand during onpeak periods for all

options. In addition, TEP expanded the summer and winter off-peak hours in its Residential TOU and

Residential TOU demand rate tariffs.

More information can be found at TEPs website:
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Desert Southwest Wholesale Power Markets - Transformation
Wholesale Power Market Overview

I Historically, the wholesale power markets have served the Desert Southwest as an efficient mechanism for
utility operators to buy and sell standard marketbased products as a means to optimize their resource
portfolios. However, with the rapid increase in renewable resource penetration throughout the region, a
transformation of market fundamentals is currently underway and is changing how both load-serving entities
and wholesale merchants transact within these markets. While these changes will have economic implications
for dayahead and real-time operations, resource portfolios of the future will also need to adapt with fast start,
fastramping, flexible generation in order to take advantage of short duration price fluctuations in order to
minimize portfolio costs for customers.

Non-Dispatchahle Runewahle Must Run Resources

Because most solar and wind resources are noncurtailable resources, utility operators must dispatch around
the solar and wind output. In today's wholesale power markets, solar generation typically displaces onpeak
generation, causing a downward shift in market prices from the hours of 8 AM to 4 PM. In some hours
throughout the year, this surplus power results in the market clearing price going negative due to generation
exceeding system demand.

Chart 36 - impact of Solar Surplus on the Wholesale Power Markets
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Impacts on Baseload Generation Resources

In addition to surplus renewable generation, low cost shale gas production has also played a significant role in

transforming the supply and demand economics of natural gas. As we saw in 2015 and 2016, expanded natural

gas production from shale formations is directly impacting the economic viability of many caseload coal and

nuclear resources. Unlike renewables, most thermal plants like coal and nuclear, have higher operating costs

that cannot be fully recovered in the wholesale market. Thus, the ultimate effect of high penetrations of

renewables and low cost natural gas will likely be an accelerated retirement of older and higher cost coal and

nuclear resources. Alternatively, resources like NGCC units that have lower operating costs are more

competitive in today's wholesale power markets. This competitive advantage will likely set the stage for NGCC

units to displace coal and nuclear as caseload resources since they are better positioned to maintain

profitability in a market driven by low natural gas prices.
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in addition to the market changes listed above, renewable resources are dramatically reducing the power
sectors overall demand for natural gas consumption." Low load growth coupled with a higher penetration of
renewable energy and historically low natural gas prices, have resulted in low wholesale power prices during
the last two years. This trend is likely to continue for some time due to the increased efficiencies in shale
production and the declining cost of renewable energy resources, which are below the cost of traditional fossil
fuel resources on a longterm levelized basis. As noted in the Wood MacKenzie Base Case despite uncertainty
regarding U.S. energy policy changes recent analysis suggests low natural gas prices are one of the biggest
disruptors of the power sector. This low price trajectory will cause natural gas to increasingly displace coal in
the foreseeable future. Because of this trend and steady growth in renewables, wholesale power prices will
likely stay depressed over the long term81

l
l
I

I

i

l

so NREL Study: A Retrospective Analysis of the Benefits and Impacts of U.S. Renewable Portfolio Standards.

Si Longterm forecast projections based on WoodMackenzie North America Gas Power and Coal Markets - No Carbon Case. February
2017.

Page 1 8 3



Tucson Electric Power

Arizona Gas Storage Project

As TEP reduces its reliance on coal, cleaner, more efficient natural gas will play a bigger role in maintaining the

Companys grid operations. Today TEP relies on the El Paso and Transwestern pipeline networks to deliver

natural gas primarily from the San Juan and Permian supply basins to support its longterm, as well as realtime

power generation needs. In other regions of the country, natural gas storage provides a reliability backstop to a

multitude of pipeline operational constraints that can impact the delivery of natural gas. However, in Arizona
there are currently no natural gas storage facilities. As part of the Company's 2017 IP integration strategy,
TEP is in the process of evaluating local natural gas storage as a resource which may in improve TEP's system
reliability by meeting its future hourly gas balancing and generation ramping requirements as the Company
integrates higher levels of renewable resources.

Kinder Morgan 2017 Open Season

On January 31, 2017, Kinder Morgan issued an open season1*2 for an Arizona based natural gas storage project
that would offer storage related services including nonotice transportation (NNT]33. AGS project will consist of
four to eight natural gas salt storage caverns to be located in Pinal County Arizona, near Eloy having an initial
design working inventory of one (1) billion cubic feet (Bcf) per cavern for a total capacity of at least four Bcf and
having a projected minimum aggregate injection capacity of 168,000-183,000 thousand cubic feet (Mcf) per day
and a projected minimum aggregate withdrawal capacity of 400000 Mcf per day. TEP is still evaluating the
proposal from Kinder Morgan and will continue to evaluate proposals from entities which present the greatest
opportunity for increasing system flexibility, and providing the greatest support for reliability at the least cost.

32 A natural gas construction project can take an average of about three years from the time it is first announced until the project isplaced in
service. The first step in the process is to conduct an open season to determine market interest. An open season is held for 12 months
giving potential customers an opportunity to enter into an agreement to sign up for a portion of the capacity rights that will be available. If
enough interest is shown during the open season the sponsors will develop a preliminary project design and move forward. If not enough
interest is evident the project will most likely be dropped or placed on indefinite hold.

33 Nonotice transportation services allow LDCs and utilities to receive natural gas from pipelines on demand to meet peak service needs for
its customers without incurring any penalties. These services include access to storage facilities that provide increased flexibility to receipt
and delivery points on a realtime basis.
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CHAPTER 8I
REGIONAL TRANSMISSION PLANNING

O \ t l \ l t \ \

Ninth llienni i l li . i i i s iniss i ( i i i  .Msvss i ini i t
TEP participates in the Biennial Transmission Assessment (BTA) conducted by the Commission to assess the
adequacy of Arizona's transmission system to reliably meet existing and future energy needs of the state. The
gr BTA concluded that the existing and planned transmission system is adequate to reliably serve the needs of
the state during the study period.

Rclialiilitv Must Run [RMR] Asscssnicnl
An RMR condition exists for the Tucson load pocket because the TEP load exceeds the system import limit of
the existing and planned transmission system. However, the projected load can be served through a
combination of power imports and local generation. In the 7th BTA, the Commission ordered the suspension of
RMR studies pending review of criteria that will trigger restarting RMR studies. TEP has not met any of the
criteria, therefore RMR studies were not performed for the 9"' BTA.

Ten Year Sn.ipsli(»1 Study
TEP participated in the Ten Year Snapshot Study conducted by the Southwest Area Transmission Arizona
Subcommittee (SWATAZ) participants. This study concluded that the Arizona 2025 transmission plan is robust
and can withstand simulated contingencies and that delaying any single planned project beyond 2025 did not
have significant impact on system performance.

lixtremc i:<)litlm;viim Studv
TEP conducted powerflow analysis of outages involving TEP corridors that include 3 or more lines and TEP
substations that include 3 or more transformers with a low side voltage of 100kV and higher. This evaluation is
considered Critical Energy Infrastructure information (CEII) and was filed with the Commission under a
confidentiality agreement.

nurgv Eiliciencv l'r(>gi1ii1islillccls at llistrihutetl (l0Ilcl.1tiOI1 and ii
As required in the 8'h BTA, TEP performed a sensitivity analysis to determine the effects of DG and EE programs
on future transmission needs. This analysis determined that no additional transmission facilities are required
due to these programs.
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WestConnect
TEP actively participates in WestConnect regional planning and interregional coordination activities in
compliance with FERC Order 1000. WestConnect is one of four planning regions that was established to develop
and implement FERC approved regional planning processes designed to facilitate joint regional transmission
planning among the transmission owning entities that participate in the WestConnect Planning Region.

Participants may join one of five sectors consisting of the Transmission Owner with Load Sewing Obligations
(TOLSO)34, Transmission Customer, Independent Transmission Developer (lTD), State Regulatory Commission
and Key Interest Group. Currently there are eighteen (18) Transmission Owners in the TOLSO sector, eight (8)
developers in the lTD sector and one (1) participant in the Key Interest Group. The Transmission Customer and
State Regulatory Commission sectors have no participants. Members of sectors participate in WestConnect
governance that consists of the Planning Management Committee (PMC) with subcommittees including
Planning Subcommittee (PS), Cost Allocation Subcommittee (CAS), Contracts and Compliance Subcommittee
and Legal Subcommittee. TEP is active on the PMC, PS and CAS as well as on various task forces as required.
WestConnect's regional planning process is biennial and is implemented according to the following timeline.

Figure 35 WesthoII1itrt l'l;inning Timeline
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Coordination with the other three Western Planning Regions (CAISO, Columbia Grid (CG) and the Northern Tier
Transmission Group (NTTG)) occurs throughout the process beginning with development of the study plan. The
footprints of the respective Western Planning Regions (WPR) are shown in the following Western Planning
Regions map.

34 TEP / UNSE is an enrolled m em ber ofTOLSO.
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Map 11 Western Planning Regions
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Participating in WestConnect and interregional coordination activities is essential to maintaining data and

modeling accuracy and to ensuring consistency among local, regional and Western Interconnectionwide

transmission plans. Coordination withWECC,as described in the following section is evolving.

WECC

TEP participates on the Planning Coordinating Committee (PCC) and Transmission Expansion Planning Policy

Committee (TEPPC], as well as their respective subcommittees. These committees are in the process of being
replaced by the Reliability Assessment Committee (RAC) as approved by the WECC Board on December 6, 2016.

The approved proposal states, "The RAC would replace the current TEPPC and PCC and assume responsibility

for all products currently under the purview of both committees. The RAC would be a single reliability
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assessment organization within WECC that would facilitate a unified approach to evaluating potential reliability
risks and efficiently use stakeholders expertise".35

RAC governance is accomplished through four subcommittees consisting of the Scenario Development, Studies,

Modeling and Data Subcommittees reporting to the RAC. Representation on each of the subcommittees includes

a single member representing the four WPR plus two international Planning Regions (APR]l">, along with the

other participants as described in the WECC Board approved RAC proposal.

The key deliverable of RAC is a process to create an Anchor I)ata Set (ADS) that will begin and conclude with the

biennial Transmission Plans of the WPR. The ADS will be a combination of solved power flow and production

cost models that may be used by WECC, the WPRsand other entities as a consistent starting point for reliability

assessment and other regional studies. TEP participated with WestConnect on development of the ADS process

in collaboration with the other three WPR and WECC.

MultiRegional 8: Interconnection-VVide Transmission Planning
TEP participates in the Southwest Area Transmission (SWAT) Group that is comprised of transmission

regulators/governmental entities, transmission users, transmission owners, transmission operators and

environmental entities. SWAT Transmission Owner membership systems are included in the states of Texas (El

Paso), New Mexico, Arizona, Nevada and California. SWAT participates in the WestConnect regional planning

process, representing its members primarily in coordinating model development. The initial investigation of

the implications of pending EPA rules was coordinated through SWAT. This study effort was subsequently

expanded to the systems in WestConnect California and beyond.

SWAT created a Coal Reduction Assessment Task Force (CRATF] in February 2013 for the purpose of assessing
the reliability impacts of anticipated as well as hypothetical coal retirements in the southwest. In the Eighth
BTA, the CRATF reported on the first phase of a reliability study and was ordered in Decision No. 74785 to file
the results of the study within 30 days of completion. Currently being led by TEP, the ultimate goal is to
evaluate the impacts from reduced availability of coal generation within the scope and timeline of the
WestConnect Regional Study Plan.

TEP participated with Arizona Electric Power Cooperative (AEPCO), Arizona Public Service Company (APS),
SRP and the Western Area Power Administration (WAPA), in developing a realistic Arizona Utility Clean Power

Plan [CPP] Compliant scenario that was submitted to WestConnect. The WestConnect PMC adopted that

scenario as a "WestConnect" Utility scenario that is currently in the process of evaluation, along with other

higher renewable penetration/coal retirement scenarios, to identify transmission system "opportunities".

The WestConnect cases and study work will be used to assess the impact of the CPP on the reliability of the

Arizona transmission system as ordered by the ACC in the 9th BTA. The objective of coordinating with the

WestConnect biennial regional planning process was to gain access to the most current and accurate data sets

for the systems surrounding Arizona.

Evolving Resource Mix Cliallenges
The Arizona transmission system was designed to accommodate the large coal generation fleet that is
geographically distant from the load centers. The integration of renewable energy projects and the
simultaneous reduction of coal resources is likely to have an impact on the operation of the transmission grid.

of the IPTRTF Proposal - Revised October 5 2016.35 Source: Recommendation 1.
so The IP include the Bail Mexico and western Canadian regions.
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The loss of system inertia and dynamic reactive capability, as well as changes in power flows, pose significant

risks and updates should continue to be filed in the BTA process.

TEP gave a presentation at the RETI 2 Western Outreach Workshop in Las Vegas on September 1, 2016. The
main purpose was,"...to better understand the transmission implications of accessing renewable energy from
elsewhere in the West, as well as identifying potential markets for Californias own excess renewable energy
production that may help meet California's 2030 RPS and GHG goals most efficiently". Key concerns expressed
by TEP were:

•

•

An Integrated Regional Resource Plan that defines the necessary energy resources and transmission assets

with a coordinated strategy to deploy them does not yet exist

Such an Integrated Regional Resource Plan is necessary to conduct comprehensive regionally coordinated

reliability studies.

Short timeline for expected rate of renewable resource deployment and coal plant retirements

>
>

>

>
>

KPV lssll€s:
Coal Plant Retirements/Replacement Resources are uncertain
Changing California Imports/Exports driven by Nuclear and Gas OTC Retirements, Increasing

Renewable Penetration and Wind Resources from New Mexico 8; Wyoming

Loss of"inertia" associated with coal plant shutdown, resulting in possible stability and/or frequency
response impact
Change in generation pattern and resource mix will impact Path Ratings
New requirements that include, but are not limited to, ramping, frequency response, voltage regulation
and dynamic reactive capability will have to be determined through separate studies among the
regions.

Therefore TEP is interested in obtaining frequency response and stability information based on system
analyses that take rapidly changing operating conditions resulting from high renewable resource penetration,
coal- and gas-fired generation retirements and materially revised resource mix into consideration. Such
analysis is intended to be used to identify additional alternative market mechanisms based on demonstration of
actual anticipated physical transmission system benefits. These efforts will require further continued
coordination and cooperation among the Arizona utilities and stakeholders, SWAT, WestConnect, the other
WPRand PR,and WECC. The ADS will be among the most critical assets to allow credible analyses to be
completed to inform resource and transmission planning decisions.
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Othe r Reg ional  " I lans mis s ion P1o ]c c ts

Other large projects proposed for interconnection in eastern and southeastern Arizona may influence TEPs

longterm resource planning decisions.

Nogales D(i Intertie
The Nogales Interconnection Project is a proposed direct current interconnection, commonly known as a DC tie,
which will allow for an asynchronous interconnection between the electric grids in southern Arizona and the
northwest region of Mexico. The project will support the reliability of the electric system, including providing
bidirectional power flow and voltage support, as well as emergency assistance, as needed, for the electric
system both north and south of the border.
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The first phase would consist of a new 150 MW DC tie located on property currently owned by TEP; a new 3-

mile 138 kilovolt (kg) transmission line that would originate at UNSE's Valencia Substation in Nogales, Arizona

and extend to the west and south to the new Gateway Substation; and a new approximately 2-mile 230 kV

transmission line that would extend south from the Gateway Substation to the U.S.Mexico border where it

would interconnect with a transmission line to be constructed in Mexico. The second phase would expand the

DC Tie capacity to 300 MW. The timing of the second phase is not yet certain.
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Picture 1 - Sharylumi HVDC on the I¢\;xsl\1cxicu Bormicr

»

zs
i
a
N
; |

, I
2

/-
4* .

ur€flF.l I. : i u 2¢"wg:a*..

" 2

. . s . .

I 1..A
r. "

'TS »
4_

.\"i v.
8

I .
, . . _ 9Lv

r

v

l

f  l
I . 8.

I \p
Fr

:

. :

e 4 ,¢; ¢.
: . k g

r "

i
I
I

,__
11

r.

. ..
Ll;4

;i;

ea

. " *..
. Ax *  11;

l

r

. . ' \
1 -Ls

Sun Zia Southwest Transmission Project
Sur Zia is a double-circuit 500 kV line that will originate in central New Mexico at a proposed substation near

Ancho, New Mexico and terminate at the proposed Pinal Central substation near Casa Grande, Arizona. It is

being planned to provide New Mexico and Arizona additional access to renewable energy resources. Sur Zia

could increase import capacity from New Mexico by as much as 3,000 MW.

The Sun Zia Southwest Transmission Project is planned to be approximately 515 miles of two singlecircuit 500

kV transmission lines and associated substations that interconnect Sur Zia with numerous 345 kV lines in both

states. Sur Zia will connect and deliver electricity generated in Arizona and New Mexico to population centers in

the Desert Southwest.

The electricity distributed by Sun Zia should help meet the Southwest Region and California's demand for

renewable energy.

On laniary 23, 2015, the BLM issued a Record of Decision (ROD) that approved SunZia's application for a right-

ofway across federally owned property. The ROD concluded the six and half year effort to comply with NEPA.
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The South line Transmission Project
The Southline Transmission Project is a proposed transmission line designed to collect and transmit electricity
across southern New Mexico and southern Arizona, bringing potential electric system benefits to the Desert
Southwest. The project is being designed to minimize land and resource impacts by developing a route along
existing linear features and by upgrading existing transmission lines where feasible. The project will provide up
to 1,000 megawatts of transmission capacity in both directions, and will interconnect with up to 14 existing
substation locations. The project consists of two sections:

The New Build Section would involve the construction of approximately 240 miles of new 345kV double-circuit

electric transmission lines in New Mexico and Arizona. The New Build is defined by end points of the existing

Afton Substation, south of Las Cruces, New Mexico, and the existing Apache Substation, south of Wilcox,

Arizona.

The Upgrade Section would consist of double-circuit 230-kV lines connecting the Apache Substation to the

existing Saguaro Substation northwest of Tucson, Arizona. The Upgrade Section would rebuild approximately

120 miles of existing single-circuit 115-kV transmission lines, currently owned by WAPA, providing up to 1,000

MW of transmission capacity between these substations. A new line segment approximately 2 miles in length

will be required to interconnect with the existing TEP Vail Substation, located just north of the existing Western

line. The upgrade section will also interconnect at TEP's Tortolita and DeMoss Petrie substations.
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Wetern Spi i i I Clean Line
The Western Spirit Clean Line will collect renewable power from east-central New Mexico and
deliver approximately 1,000 MW of power to markets in the western United States that have a strong demand
for renewable energy. The energy will be transported via an approximately 140mile transmission line to the
existing electric grid in northwestern New Mexico where it interconnects with the TEP transmission system at
San Ivan.
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Figure 36 \\isurn Spirit (lc;m Line l'r<>1 cLt
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The project will begin near Corona New Mexico and will terminate northwest of Albuquerque at the Public Utility of New Mexicos (PNM) Rio

Puerto substation. Clean Line and RETA have worked with a wide range of interested parties ro select a route, including federal state and

county agencies environmental NGOs, and Native American tribes. Clean Line will meet with each landowner affected by the Western Spirit

Clean Line and will take landowner feedback into consideration when determining structure placements and possible route adjustments.

Energy imbalance Markets
Energy imbalance on an electrical grid occurs when there is a difference between realtime demand, or load
consumption, and generation that is prescheduled. Prior to the emergence of renewable energy technology on
the grid, balancing occurred to correct operating limits within 30 minutes. Flows are often managed manually
by system operators and typically bilaterally between power suppliers. The intermittent characteristics of
wind and solar resources have raised concerns about how system operators will maintain balance between
electric generation and demand in smaller than thirty minute increments. ElMs create a much shorter window
market opportunity for balancing loads and resources. An ElM can aggregate the variability of resources across
much larger footprints than current balancing authorities and across balancing authority areas. The sub hourly
clearing, in some cases down to 5 minutes potentially provides economic advantage to participants in the
market. ElMs propose to moderate, automate and effectively expand systemwide dispatch which can help with
the variability and intermittency of renewable resources. ElMs boast to create significant reliability and
renewable integration benefits by sharing resource reserves across much larger footprints.

CAISO - Enurgr l 1iilxilam L l\1;ll.kL't FIM

On November 1, 2014, the CAISO welcomed PacifiCorp into the western ElM. Nevadabased NV Energy began

active participation in the ElM on December 1, 2015. Recently Arizona based Arizona Public Service and

Washington based Puget Sound Energy entered into the realtime market on October 1, 2016. This voluntary

market service is available to other grids in the West. Several Western utilities have committed to join the ElM.

Portland General Electric has filed their intent to join in October of 2017. Idaho Power has announced their

intent to join the western ElM in April of 2018. In December of 2016, Seattle City Light signed an agreement to

join the market in April of 2019. And Mexico grid operator CENACE has formally agreed to explore participation

omits Baja California Norte grid in the market.
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Participants in the ElM expect to realize at least three benefits:

>
>
>

Produce economic savings to customers through lower production costs
Improve visibility and situational awareness for system operations in the Western Interconnection
Improve integration of renewable resources

TEP contracted with the energy consulting firm E3 to perform a study to evaluate the economic benefits ofTEn
participating in the energy imbalance market. ET evaluated the ElM benefits to TEP based on a set of study
scenarios defined through discussions with TEP to reflect TEP system information, including loads, resources,
and potential transmission constraints for access to markets for realtime transactions. The project analysis
began in February 2016 and was completed in December, 2016.

Results of the study place approximately two-thirds of any estimated saving occurring 7% of the time from
extreme real-time pricing. with the size ofTEn's generation fleet combined with 40% of TEP's generation
limited from ElM participation due to system restrictions, TEP estimates an annual benefit of approximately
$2.5 million. It is expected that this benefit will diminish over time.

TEP has started the process of determining the relevant costs associated with joining the CAISO ElM market as
well as evaluating what other western ElM market options may be available, if any. It is estimated that the cost
analysis will be completed sometime during the summer of 2017.
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l{c;ionaI Transmission O1g;1 x1iz;1ti(>11s (Rl()s]
A group consisting of investor owned utilities, cooperative power providers and public power entities was
formed to consider and analyze potential alternatives to joining the CAlS0 ElM. The group, known as the
Southwest Regional ElM Alternatives Working Group ("Working Group") was formed in order to evaluate the
potential regional synergies and opportunities of joining or forming a regional market. Based on the recent
expansion of the CAlSO ElM, both in terms of participants and market opportunities, the Working Group
recognized the need to evaluate the merits of the CAISO ElM and alternative market structures. The working
group also recognized the need to evaluate the implications for existing bilateral markets and potential
impacts to regional grid operations in the Southwest
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The Working Group includes AEPCO/ACES Energy Management; El Paso Electric Company (EPE); Public Service

Company of New Mexico (PNM); SRP; TriState Generation and Transmission Association ("TriState"); TEP;

UNSE; and WAPA. The objectives of the Working Group are as follows:

>

>

>

>

>

Determine economic benefits of potential alternatives and weigh opportunities for market
participation,
Determine if the CAlSO ElM and regulated markets in the Midwest and Mountain west offer certain
economic benefits related to more efficient utilization of generating assets and transmission
infrastructure,
Evaluate operational benefits especially as they relate to renewable resource integration and system

regulation,

Establish if EIM/Regulated Markets and certain alternatives may offer reliability benefits related to the
grid operations, and
Consider governance structure and implications for resource control.

The Working Group evaluated the costs and benefits of various regional market options including 1)
establishing a regional market by joining an existing market, 2) establishing its own regional market or 3) a
hybrid of the two options (i.e. using resources of an existing market operator to establish and operate a nascent
southwest market). The Working Group discussed various options with the CAISO, the Southwest Power Pool
and the Mountain West Transmission Group. At this point there is recognizable value to establishing a regional
market as well as potential benefits. However, the cost of joining or establishing a regional market have yet to
be determined and fully evaluated. TEP will continue to engage with market operators to determine the best
path forward for its customers.
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CHAPTER 9

TEP EXISTING RESOURCES

TFPs Iixisting Resource Portfolio
This section provides an overview of TEP's existing thermal generation, renewable generation, and
transmission resources. For the thermal generation resources it provides details on each stations ownership
structure, fuel supply environmental controls, historical emissions, and a brief future outlook. For the
renewable generation resources, it provides capacity and technology information as well as certain details on
the construction of the facilities. Information on connections to the bulk electric system is provided in the
transmission section. In addition, this chapter highlights its current use of the wholesale power market for firm
capacity resources.

TEP's existing thermal resource capacity is 2,649 MW. In addition, the Company also relies on the wholesale

market for firm capacity PPAs to meet its summer peak obligations. Table 18 below provides a summary of

TEP's existing thermal resources.

Table 18 TEP Existil i;; IInrm.iI  Resources

Unit Fuel TypeGenerating Station
TEP'S

Share %

Operating

Agent

Commercial

Operation

Year

TEP

Planning

Capacity

Net

Nominal

Capability

M W

387TEP

TEP

170

170

56

56

1

2

1

2

1

2

3

Coal

Coal

Coal

Coal

Coal

Coal

Coa I

Coa I

Coa I

SRP

SRP

SRP

APS

APS

TEP

l l

lazml

S

1 4

1 2

3

100

100

50

50

7.5

7.5

7.5

7

7

100

33.3

75

100

387

390

340

340

750

750

750

785

785

422

555

550

219

1985

1990

1976

1973

1974

1975

1976

1969

1970

1958-1967

2006

2003

19722001

TEP

TEP

Springerville

Springerville

San Juan

San Juan

Navajo

Navajo

Navajo

Four Corners

Four Corners

Sundt Steam

Luna Energy Facility

Gila River

Combustion Turbines

Gas

Gas

Gas/oil-

55

422

184

413

219

z,s49Total Planning Capacity
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Springerville Generating; Station
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Springerville Generating Station ("Springerville") is

a four unit, base-load coalfired steam electric

generating station located 15 miles northeast of

Springerville, Arizona. TEP operates all four units.

Units 1 and 2 are owned by TEP. TriState

Generation and Transmission owns Unit 3, and Salt

River Project owns Unit 4.
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P MUnit NO tso, Hg
1

2

3

FF

FF

FF

FF

AC I  c a R ,

ACI CaBR2

ACI CaBR2

ACI CaBR;i ii F
SDA LNB SOFA

SDA LNB SOFA

SDA SCR

SDA SCR

SDA - Spray Dry Absorber
FF- Fabric Filter (Bas house)
LNB SOFA - Low NOt burners - Separated overtired air
SCR- Selective catalytic reduction

CaBR; - Calcium bromide (added to coal)
ACI - Activated carbon injection

Units
Planned

Retirement
Capacity

( M W)

ln
Service
Date Historical Emissions, TEP Share

387Unit 1

Unit 2

Unit 3

Unit 4

415

417

1985

1990

2006

2009

Not Planned

Not Planned

Not Planned

Not Planned

mc
o
u

>€
o
z
Dcro

25000

20,000

15000

10,000

5000
N
ow

2000 2003 2006 2009 2012 2015

NOxso2

Participation Agl(Llll€l][:
Expires January 1, 2078

()lltlo()l<;
Coal Supply;
Agreement signed lune 17, 2003 with Peabody

Energy sourced from EI Segundo / Lee Ranch,

expires December 31, 2020.

Units 1 and 2 will be subject to "Reasonable
Progress" provisions of the Regional Haze rule,
which could mandate emission reductions in the
2025 to 2027 timeframe. Given current controls
and recent reductions at other regional plants, TEP
does not believe additional controls are likely.
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San Juan Gclmcwnting Station
="" 9

|
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San Ivan Generating Station ("San ]Ian") is a four
unit, coal-fired baseload steam electric generating

station located 17 miles west of Farmington, New

Mexico. Public Service Company of New Mexico

(PNM) is the operating agent for all four units.

Units 1 and 2 are owned by TEP and PNM. Units 2

and 3 will be retired at the end of 2017. Remaining

owners will include TEP PNM the City of

Farmington New Mexico, the County of Los Alamos,

New Mexico and the Utah Associated Municipal

Power System (UAMPS)

(lwnwslwip Structure (after 201 / lx
Pollution Controls:

P MNOtUnit SQ. Hg
UAMPS
37 MW

Los
Alamos
36 MW

1

2

k

FF

FF

FF

FF

ACI

ACI

ACI

ACI
I i
l l

car
108 MW ;

FGD SNCR

FGD LNB SOFA

FGD LNB SOFA

FGD SNCR

FGD - Flue Gas Desulphurizationwet
FF- Fabric Filter (Bag house)
LNB SOFA- Low NOx burners - Separated overtired air
SNCR.. Selective noncatalytic reduction
ACI - Activated carbon injection

4 4.: y m
. . :

Historical Emissions, T EP Sharev h -
m
cor-

\Units
Planned

Retirement
Entered
Service

Capacity

(MW)

1976Unit 1 340

1973Unit 2

>€
o
z
U
C
iv
N
O
m

7000

6,000

5,000

4,000

3000

2,000

1,000

Unit 3 1979
2000 2003 2006 2009 2012 2015

1982Unit 4 507

2022 (1)

December
2017

December
2017

Not planned
NOxSO2

l)utI<iol<;
(1) TEP does not plan to extend its participation

agreement for San Juan 1 beyond June2022.

Participation Agreement:
Expires lune 30, 2022

TEP intends to end its participation in San loan at
the end of lune 2022, coinciding with the expiration
of the plant participation agreement.

Coal Supply:
Agreement with Westmoreland Coal Company
sourced from San Juan Mine is effective from
laniary 2016 through June 2022.
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Navajo Generating Station

N;iva}o (ieIwrating Station
Pollution (oi1tr()ls:

Unit PM

m l
NOtso, Hg

ACI, CaBR2

ACI CaBR2

ACI, Ca8R2

Navajo Generating Station ("Navajo") is a three

unit, coal-fired base-load steam electric generating

station located five miles east of Page,Arizona Salt

River Project is the operating agent for all three

units. Plant participants include TEP, SRP, US

Bureau of Reclamation, Los Angeles Department of

Water and Power, Arizona Public Service, and NV

Energy.

1 FGD LNB SOFA

2 FGD LNB SOFA ESP

3 FGD LNB SOFA ESP

FGD - Flue Gas Desulphurizationwet

ESP - Electrostatic Precipitator

LNB SOFA- Low NOx burners - Separated overtired air

ACI - Activated carbon injection

CaBR2- Calcium bromide (added to coal)

( lwi lc rs l i ip  S t  r i ic t i l lm Historical Emissions, T EP Share

TEP
168 MW

w
c
o64
x`
O
z

s

?
NV

Energy

255 MW

3000

2,000

u 1,000
c
Ru

N

O
m Q°&& " @ »°@'i9'9'9*»°°'»°°'9'$"9'9

SRP
965 MW

so2 NOx

USBR
547 MWV ()L1 I  oo:

Final Regional Haze requirements for Navajo call

for the retirement of one unit at the end of 2019,

and the addition of Selective Catalytic Reduction on

the remaining units by the end of 2030.

Units
Planned

Retirement
Capacity

(MW)

ln
Service
Date

Unit 1

Unit 2

Unit 3

750

750

750

1974

1975

1976

2019

2019

2019

l'iiticip;ition .\<'rcc1nent:

A lease extension would continue power
production, maintain plant employment and
preserve revenues for the Navajo Nation and Hopi
Tribe, providing continued support for the area
economy through 2019. Without the lease
extension, the owners would be forced to cease
power production in 2017 to allow for
decommissioning work to be completed before the
current lease expires. TEP has expressed its
willingness to work with the Navajo Nation in
search of longterm solutions for Navajo that
balances the needs of the plant's many
stakeholders and serves the best interests of TEP's
customers.

Extends to the expiration date of the plant's lease

with the Navajo Nation, which is December 20,

2019. in February 2017, TEP joined other Navajo
owners in voting in to continue operations at the

plant through December 2019 if a lease extension

agreement can be reached with the Navajo Nation.

(Mull Supply

Agreement with Peabody Energy sourced from

Kayenta Mine expires December 2019.
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Four Corners Power Plant ["Four Corners") is a two

unit, coal-fired caseload steam electric generating

station located 18 miles west of Farmington, New

Mexico. APS is the operating agent for both units 4

and 5. Plant participants include TEP, APS, SRP and

PNM. v .
.

w . "

. . \
1 9 :  , ; f -J  _ . . . .» § ; . , . .

1 "J'
J;

AJ ~¢
•Owlwrs lmlp  S tI u<tu1c JJ 'gr 9 v,\-2

/s.49
8 1

I

I /°."'-'
1

>
TEP

5Rp 110 MW

150 MW
.

&W.. . : . .  l . I

P MNOXUnit SO. He
PNM

200 MW
FF

FF

FGD

FGD5

WFGD FF  caR

wFGo, FF, CBBR2

ScR(l)
SCR(1)

(1) Required by end of July 2018 to comply with Regional Haze

BART requirements

FGD - Flue gas desulfurizationwet
FF- Fabric Filter (Bag house)
SCR- Selective catalytic reduction

CaBR1 - Calcium bromide (added to coal)0 9
Historical Emissions, TEP Share

2,500

2000
Llrmfsl1I

in
C
o
I-

Planned
Retirement

Capacity

(MW)

In

Service

Date 1,s00
*O

z
1,000D

cfu

1969

1970

770

770

2031

2031Unit 5 \

500
N
O
UP

(1) APS shut down units 13 in December 2013 to

comply with Regional Haze BART requirements.
2009200620032000 2012 2015

Participnti<>n Agluuiwlit: NOxSON

Cotenancy agreement expires lily 2041.

(1l1I1u0lki(:o;il Supply;
Agreement with Navajo Transitional Energy

Company sourced from the Navajo Mine expires

lily 2031.

TEP anticipates that the plant will close after
expiration of current coal supply contract in 2031.
TEP will continue to evaluate the long-term
viability of its coal operations at Four Corners in
subsequent IP planning cycles.
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H. Wilson Sundt Generating Station
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4 ;Wilson Sundt (iciwmtiiw Stu2*
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Sundt Generating Station ("Sundt"] is a four unit,
peak and intermediateload, steam electric
generating station located in Tucson, Arizona.
Units 1, 2, and 3 are gas or oil burning generating
units and Unit 4 fires natural gas and landfill gas.

q
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Ownership:
Sundt Generating Station is 100% owned and
operated by TEP.

" 4

| v.
,

Units
Planned

Retirement
Entered
Service

Capacity

(MW)

81

81

104

156

Unit 1

Unit 2

Unit 3

Unit 4

2020

2022

2030

Not Planned

1958

1960

1962

1967

Fuel Supplv:

Uutloouz
In 2015, the depletion of the Companys existing
coal inventory at the Sundt Generation Station and
low natural gas prices supported the permanent
transition of Sundt Unit 4 from coal to natural gas
two and one half years ahead of the December
2017 deadline in its agreement with the EPA. This
transition to natural gas has reduced TEPs near-
term fuel supply costs for customers and marks the
end of Sundt's 27 years of operations on coal.

The primary fuel at Sundt Generating Station is
natural gas. The station is supplied by gas
purchased on the spot market and through gas
hedging agreements that are consistent with TEP's
hedging policy. Natural gas is delivered through
the Kinder Morgan natural gas pipeline which is
located adjacent to the Sundt property.

r

Unit NOt PMso. Hg
NA1 NANA

l l l z m
LNB

LNB

LNB

LNB SOFA

NA

NA

NA

NA
mm
m

LNB SOFA - Low NOx burners - Separated overtire air

NA - Not Applicable
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Luna Energy Facility

l 111n;1 lilwrgv Facility
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Luna Energy Facility ("Luna"] is a 555 MW natural

gasfired power plant consisting of a single 2 on 1

combined cycle power block. The power block

utilizes two GE 7FA gas turbines two heat recovery

steam generators (HRS Gs], and a GE D11 steam
turbine. The facility is located three miles north of

the town of Deming, New Mexico. \ v
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Luna ownership shares are divided by onethird

PNM, onethird TEP and onethird Samchully Co.

Ltd. PNM is the plant operator.
.

*9
.,.Lr

4
.... .4"ayu!..8 *!49F*"A

.
. n

Samchully
184 MW

TEP
184 MW

Pollut ion Controls:
Luna Energy Facility is a natural gasfired

combined cycle combustion turbine with dry LNB

and SCR for NOt control. As a Greenfield site, a

Prevention of Significant Deterioration (PSD)

permit was obtained prior to construction. A PSD

permit requires that Best Available Control

Technology (BACT) be applied for control of S02

and NOt, and the facility must comply with the Acid

Rain program limits for S02 and NOt.PNM
184 MW

PM

m
NOtUnit so,

mm
Hg
NA

NANA NA

SCR

SCR

1

2

SCR - Selective Catalytic Reduction
NA - Not Applicable

Units
Entered
Service

Planned
Retirement

2006Power Block 1 Not Planned

OutloOk:

Luna's fast ramping capabilities provide TEP with

lowcost, intermediate load resource to support the

integration of renewables.

Fuel Supply;
Each Luna participant manages its own gas supply.

TEP purchases natural gas on the spot market and

through hedging contracts that are consistent with
the UNS Energy Hedging policy.
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Gila River Generating Station

(iii;i River L»c11L'r;it1n;; station 4
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Gila River Generating Station ("GilaRiver") is a

2200 MW four block, 2 on 1 natural gasfired

combined cycle electric generating station located

three miles north of the town of Gila Bend, in

Maricopa County, Arizona.
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Units 1 and 2 are owned by Beal Bank, Unit 3 is

owned 75% by TEP and 25% by UNSE. Unit 4 was

purchased in 2016 by Salt River Project. Under

that agreement, Salt River Project will take

ownership of the unit in 2017.

E U X J x . . " .
. .
I

Bloc k NOtso,

1 NA

NA NA

3

NA

SCR

SCR

SCR

SCR NA

l l

PM Hg

-

m y _SRP
550 MW

SCR - Selective Catalytic Reduction

NA - Not Applicable

UNSE
138 MW

Beal

Bank

1,100

M W

gtQ
Units

Entered
Service

Planned
Retirement

Capacity

( MW )

Ullllnuliz

Low natural gas prices make Gila River Block 3 one
of lowest cost generation assets for both TEP and

UNSE. Gila Rivers fast ramping capabilities, along

with its realtime integration into TEPs balancing

authority, provide both TEP and UNS Electric with

an ideal resource to support the integration of

future renewables.
SSO

550

550

550

Power Block 1

Power Block 2

Power Block 3

Power Block 4

Not Planned

Not Planned

Not Planned

Not Planned

2006

2006

2006

2006

Fuel Supply;
Each Gila River participant manages its own gas

supply. TEP and UNSE purchases natural gas on

the spot market and through hedging contracts that

are consistent with the UNS Energy Hedging policy.
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Combustion Turbines

Comluuw on Turbines
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The Company has 219 MW of gas or oil fired

combustion turbines for peaking capacity. This

capacity is comprised of 6 units at three locations,

50 MW split between two units at Sundt, 94 MW

split between four units at North Loop, and one 75

MW unit at DeMoss Petrie. All locations are in or

around Tucson and are all operated from the Sundt

Station.
3Lf 4.g. i vI' ¢()u.m>I.slip; .4

|8
\The combustion turbines are 100% owned by TEP. )

Z?':\

.. i=
......l......\

North Loop eneratingStation

Units
Pinned

Retirement
Entered
Service

Capacity

(MW)

1972

1973

25

25

75
2001

1972

1972

1972

Sundt CT Unit 1

Sundt CT Unit 2

DeMoss Petrie
Unit 1

North Loop Unit 1

North Loop Unit 2

North Loop Unit 3

25

23

21
2001North Loop Unit 4

2027

2027

Not
Planned

2027

2027

2027

Not
Planned

Fuel Supply;
The Company purchases natural gas for its

combustion turbines on the spot market. Natual

gas for the units at North Loop and DeMoss Petrie

is delivered through Southwest Gas. Natural gas

for the two Sundt turbines is delivered from TEPs

Sundt connection to the Kinder Morgan pipeline.
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Future Plan to M ow to Cycling Operations
TEP is well on its way to achieving a 30% renewable target by 2030. In Chapter 3 of this document, we discuss

the challenges characteristic of high solar PV penetration, as it pertains to the summer peak demand. Chapter 3

deals primarily with the topic of resource adequacy; the task of securing or acquiring resources to meet the

summer peak demand. This chapter also presents a discussion of operations and intrahour dispatch. As TEP

moves forward to achieving its renewable target, the issue of coal generation minimums and potential thermal

unit cycling arises, especially on clear-sky, winter months.

(Qhurl 38 - Typical Winter l.u.ul 41 ml liispntcli ()ptr.ili<ilis

1600
Net (with 2017 solar)a a l | • Retail (2030)

- - -  Net (with 2025 solar)

Net (with 2030 solar)

Net (with 2020 solar)
1400

1200

1000

8003
2 2017_Coal_Minimum.Generation___

600

400 2023 Coal Minimum Generation

200

0

41 2 7653 98 16 17 18 19 20 21 22 23 2410 11 12 13 14 15
Typical Peak Day (Hours)

Chart 38 above illustrates a typical winter day, with a dual peak and a progressing 'duck curve' with a deeper
belly through the years. The topmost shape (dotted) represents a typical 24hour winter retail demand
projected for 2030. The thick black line represents retail demand that is adjusted for solar PV (utility-scale and
DG). We immediately observe that the belly of the 'Net [with 2017 solar]' curve is intersecting with the
aggregate coal unit minimum generation (for 2017). This is not yet a problem as TEP makes system sales that
keep total load above this minimum.

In this IP, however, TEP assumes that it divests itself of the Navajo and San Juan coal plants, with Springerville
and Four Corners remaining. The minimum coal generation for 2023 drops to approximately 400 MW and
remains at that level until 2031. TEP will continue to push against its generator minimums with additional
solar generation by 2030. TEP is beginning to explore solutions at its power plants for modifications to
generating units that will allow for lower minimums and/or potential cycling capabilities. If a plant is capable
of cycling during the day, larger measures such as seasonal shutdowns may be avoided.
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Existing Renewable Resources
Over the last several years, TEP has constructed or entered into purchased PPAs for solar and wind resources to

provide renewable energy for its service territory. This is part of TEP's commitment to meeting the Arizona

RES requirement of serving 15% of its retail load with renewable energy by 2025. Table 19 below lists TEP's

existing solar and wind renewable resources.

1 l . vi iiiiw vsl.il1l¢ if TEPs 1gxmi1w shlarand \\i 1i1l ll

mine
l r l li f i f 5.> ri .\ I .

Solon UASTP ll
Gato Montes

Solon Prairie Fire

TEP Roof tops
17.2

Jan2012

Jun2012
Oct2012

Dec2012
Dec2014

Jan2017Ft Huachuca ll

T E P

T E P

Astroso l

T E P

T E P

T E P

T E P

Tucson AZ
Tucson, AZ
Tucson AZ

Tucson, AZ
Sierra Vista AZ

Sierra Vista AZ

SingleAxis Tracking Photovoltaic

T E P

T E P

I M 25
34.41

13.2P P A

P P A

Dec2010
Dec2010
OCt2012

Oct2012
Jul2013
Dec2014
Sep2015

Feb2016 21.53

1.38Dec2015

P P A

P P A

First Solar

Areva
Avalon

Torch
Avalon

SunPower

Tucson AZ
Tucson, A2
Tucson AZ

Tucson AZ
Tucson AZ

Sahuarita AZ
Willcox Az

Sahuarita AZ

Tucson AZ

Solon UASTP I
E.ON UASTP

FRV Picture Rocks
NRG Solar Avra Valley

E.ON Valencia
Avalon Solar I

Red Horse Solar
Avalon Solar ll

Cogenera

Concentrated Photovoltaic

Apr2011
Dec2014TEP

2
10

Amonix UASTP II
White Mountain

Tucson, AZ
Springerville AZ

Concentrated Solar Power
Areva Solar STEP D e c 2 0 1 4Tucson AZ

Wind

Macho Springs

Red Horse Wind
Element Power

Torch

50.4

30

Deming NM

Willcox Az
Nov2011

Sep2015

n
- i
n

-mnnam--ma: u_ - - _ _ _
"

"

Notes: PPA - Purchased Power Agreement - Energy is purchased from a third party provider

Fixed PV - Fixed Photovoltaic - Stationary Solar Panel Technology

SAT PV - Single Axis Tracking Photovoltaic

CPV - Concentrated Photovoltaic

Not listed is the Sundt's Landfill Gas project. Its capacity is estimates at 4 MW, representative of capacity

that would have been utilized by Sundt Unit 4 if burning conventional natural gas

Page - 211



Tucson Electric Power

Existing Fixed Axis Solar pp Projects

Springerville Solar
TEP currently has 6.4 MWdc of solar at the Springerville site. The solar project is a fixed PV facility located on
the property of the Springerville Generating Station, 12 miles north of Springerville, Arizona. TEP expanded its
4.6 MW solar facility in Springerville at the end of 2010 by adding an additional 1.8 MW solar field adjacent to
the current site. The combined systems generate enough electricity to power about 1350 homes.

Picture 2 Springerville Solar
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The system produces the most power capacity during the cooler months of the year when the sun is near

latitude angle. The system operates as an unmanned site and is monitored continuously via an Internet based

communications channel. The Springerville location has room for expansion. Technologies of various types for

any future expansion are being considered including Fixed Tilt PV and SAT PV. TEP will continue to evaluate

these technologies and their relative performance over time to aid in future design considerations.
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Solon / TEP UASTP II
SOLON II is a 5 MWdc fixed PV system designed and built by SOLON Corporation, and installed at University of

Arizona Science and Technology Park (UASTP). The fixed tilt array sits on 34 acres and is powered by twenty

one thousand high efficiency modules.

Solon ll \ul.1lPicture 3
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Goto Montes
Gato Montes is a 6 MWdc PV system designed and built by Astroenergy, and installed at the UASTP. Duke

Energy now owns the Gato Montes site. The solar PV thin film, amorphous silicon technology used in this

project is a first in the Duke Energy Renewables Fleet. This technology makes the solar modules extremely thin

compared to other polycrystalline modules. It began operation in December 2012 and consist of over 48,000

panels which produces enough energy to power over 1,200 homes. Duke Energy sells its output to TEP through

a 20year PPA.

Picture 4 Gato Montes Solar
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Solon Prairie Fire
Prairie Fire is a 5 MWdc solar facility located in Pima County off Valencia Road east of Kolb Road in Tucson. The
PV technology used is a crystalline fixed system module. The plant consists of 17,604 panels. Prairie Fire began
providing power to TEP customers in late December 2012. TEP owns and operates this system, and will
continue to manage operations, monitoring and maintenance.

M l 1 . 1 1 Ire5Sol re Solar
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F t.  Huac lwc a -  Phas e  I

Fort Huachuca Phase l is owned by TEP. Phase I is a 17.2 MWdc fixed PV system installed at the Ft. Huachuca

Army base in Sierra Vista, Arizona. The fixed tilt array is sited on 300 acres and is powered by 57,600 high

efficiency modules manufactured by BYD Company Limited. This project began providing power in December

of 2014 and is the largest single site owned by TEP.
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Phase ll is a 5 MWdc fixed PV system powered by 46,480 Frist Solar 107.5 Watt modules. Phase ll was

commissioned in January of 2017 bringing Fort Huachucas total solar plant capacity to 22.6 MWdc.

Picture 7 Ft. Hlnlcllllca Pllnse ll
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Existing Single Axis Tracking Projects

CUgt'llL"lH

Cogenera is a 1.38 Mwdc SAT system that uses the Cogenera proprietary Dense Cell Interconnect technology of

72 cell solar modules, which can deliver 15% more power than conventional solar modules covering the same

area. The Cogenera is installed at the UASTP and is owned by Washington Gas and Electric.

Picture 8 Cogenera DCI Technology

5 -,

~**law

Solon llASll' l
Bringing solar power to Tucson residents, SOLON Corporation designed and installed this turnkey, 1.6 MW

single-axis tracking system in 2010 for TEP's Bright Tucson Community Solar Program at the UASTP.

Picture 9 Solon UATSP l Solar
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RON UASTP

This 6.6 MW single-axis tracking plant is located in the Solar Zone at the UASTP. The project represents E.0Ns

first solar project in the U.S. The project consists of over 23,000 crystalline PV modules installed on a single

axis tracker, situated on 37-acres. TEP purchases power generated at the plant through a 20-year PPA.

Picture 10 EUN UATSP Solar

i

.4
.

.~. 1 z J I
r

\ .L
. . ; =

I .|
.
_

1 gt f a

.1

.¢* ' ..
*\ i s

" - " \ \ \ .

I

I

Picture Rorke
This 25 MWdc singleaxis tracking system is located on a 305-acre site owned by Tucson Water just west of
Tucson. The project deploys over 89,000 polycrystalline modules which are mounted on horizontal-axis
trackers that rotate with the suns position in order to optimize electricity production.

Piilurv Rocks SolarPicture 11
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E.ON VaIL'ncia

The 13.2 MWdc EON Valencia project is located near Valencia road and the 110 freeway in Tucson, Arizona.

E.ON owns this SAT system that utilizes more than 47,500 polycrystalline modules. E.ON sells its output to TEP

through a 20-year PPA.

EON Véllvllt L! \n11 I.Picture 12
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Avalon Solar I and Avalon Solar II are adjacently located near the Marco LLC Mission Mine 12 miles south of

Tucson Arizona and both are single axis tracking PV system. Avalon I is a 35 MW plant and Avalon II is a 21.5

MW plant. The plants use similar singleaxistracking technology with Avalon I deploying over 116000

polycrystalline solar modules and Avalon II over 71,000. Combined, the plants produce just under a 100 GWh

of energy or enough energy to power 12,000 homes. Both plants were developed by Idaho based Clenera, LLC

and constructed by Swinerton Renewable Energy.

Picture 13 Avalon Solar I
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Avalon Solar l was commissioned in December of 2014 and was sold to Coronal Energy. Avalon Solar ll was

commissioned in March of 2016, and Clenera retained ownership. TEP will buy power from these project under
a 20year PPA.

P .Clun Solar ll»14
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At this unique renewable energy project in Wilcox, Arizona, a 51.3 MW PV solar array is complemented by a 30
MW wind farm. Solar and wind components are fairly close together, with the wind turbines on a mountain
ridge next to the solar field (for more information on the wind farm please see the Wind Assets section below).
Red Horse ll deploys over 170,000 polycrystalline solar modules mounted on a singleaxistracker to maximize
production. The project was developed by DE Shaw and TEP purchases electricity generated from the project

through a PPA.

Picture 15 Red Horse ll
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N R(1 Solar

The 34.4 MWdc NRG Solar project is a SAT PV system located on 320 acres on the Lupari Farm in Avra Valley,

Arizona about 20 miles northwest of Tucson. The facility will produce clean, renewable electricity that will be

sold to TEP under a 20year PPA. At full capacity, the Avra Valley Solar Project will generate enough power to

supply approximately 7,300 homes.

Picture 16 NRG Solar
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Existing Concentrating PV Projects

Amonix IIASTP II
Amonix UASTP ll is a 2 MWdc CPV system designed and built by Amonix, Inc., and installed at the UASTP. The

project consists of 12 acres lined with 34 dualaxis trackers that reach up to 50 feet off the ground on pedestals

that track the sun horizontally and vertically. Amonix will sell its output to TEP through a 20-year PPA.

Picture 1 7 Amonix Concentrating PV System
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White Mountain
White Mountain Solar, also located at the Springerville site, is a combination of Single Axis Tracking CPV and
fixed tilt PV. The 10 MW plant consists of two types of technology. An innovative 7.3 MW low-concentrated PV
singleaxis tracking system uses multiple mirrors to reflect and concentrate sunlight onto a row of PV cells.
Produced by Sun Power, this is the third array of its kind in use in the United States. The second system includes

2.83 MWs of Sun Power's T5 rooftop panels mounted on a specialized rack and angled to maximize production.

Picture 18 Sun Pow<r TS I technology
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Areva Solar
Areva Solar is TEP's first use of solar thermal technology to augment existing steam generation at the Sundt

Generating Station. Named the Sundt Solar Boost Project, the project is a 5 MW equivalent renewable resource.

Integrated with the existing Sundt Unit 4, the Areva addition is expected to boost peak capacity of the unit by 5

Mw.

Areva's Compact Linear Fresnel Reflector technology uses mirrors to concentrate sunlight to directly create
steam power. Rather than using trough or dish-shaped mirrors common to other concentrating solar systems,
Arevas technology uses a system of nearly flat mirrors, arranged in louver like arrays and motorized to track
the sun, to heat up water passing overhead through a linear absorber. The Areva system also is designed to
heat water directly, compared with other systems that generate steam indirectly with heat-transfer fluids such
as oil or molten salt.

Pirlllrn 20 . Arena Solar - SundtGenerating S(2lti¢\l\
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Existing Wind Resources

Macho Springs
Macho Springs Wind Farm, located in Luna County, New Mexico commenced operation in November 2011. The

wind farm is located approximately 20 miles northeast of Deming, NM, and is owned by Capital Power. The S0

MW wind farm, consisting of 28 Vestas V1001.8 MW wind turbines, will generate enough clean energy to

provide electricity for more than 20,000 homes.

The project is situated on approximately 1,900 acres of privately owned land. Each of the 28 turbines is

installed on an 80meter (264 feet) tower, and has a rotor diameter of 100meters [328 feet). The energy

output from the project is contracted to TEP through a long term PPA. The project's output is delivered via El

Paso Electric's existing transmission line that runs through the project area.

Pic ture 21 - Macho springs \\ ind l.nlm in New Mexico (So \l\V Project]
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Red Horse 2 Wind Project
The Red Horse Wind project is a 30-megawatt wind farm including fifteen 2 MW wind turbines sited on 220

acres. Each turbine stands more than 450 feet high and is owned by Red Horse 2 LLC which was formed by

Torch Renewables Energy. The project located at Allen Flat about 20 miles west of Wilcox, Arizona, achieved

commercial operation in August of 2015. TEP buys power from this project under a 20-year PPA.

Picture 22 Red Horse 2 Wilul l'ro jar t
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Existing Biomass Projects

Sundt Biogas
TEP uses methane gas from the Los Reales Landfill in Tucson and pipes it 3.5 miles to TEP's Sundt Generating

Station to cofire with pipeline natural gas in the Unit 4 boiler. Methane gas is a byproduct ofdecay in landfills,

and it has a Global Warming Potential that is 22 times more than carbon dioxide.

Picture 23 - Los Reales Landfill
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The Los Realms Landfill covers approximately 370 acres in Tucson, Arizona and is owned and operated by the

city of Tucson's Department of Environmental Service.
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UlEP's Encrgv Stole Projects
The primary advantage of an Energy Storage System, in the context of a large utility, is often in its ability to very
rapidly change power output levels, much faster than the proportional governor response rate of any
conventional thermal generation system. This naturally leads to the usage cases of an ESS being centered on
short term balancing-type activities. An additional strength is that operating costs of an ESS are generally fixed
and independent of usage. In contrast, gas turbine systems have a limited number of start and stop cycles and
therefore have an appreciable cost to activate, and they are not necessarily on line when needed.

In the spring of 2015, TEP issued a request for proposals for design and construction of a utilityscale energy
storage system. TEP sought a project partner to build and own a 10 MW storage facility under a 10year
agreement. TEP was looking for a cost-effective, proven energy storage system that would help integrate
renewable energy into its electric grid.

Figure 37 - Lithium Ion Battery Storage Plant
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The aggressive nature of the bidding companies far exceeded expectations. In its solicitation TEP received a
total of 21 bids; 20 bids for battery technology and one bid for flywheel technology. Within the battery
category, there were seven different battery types proposed. Ultimately, TEP was able to select two winning
bids. One including a 10 MW, Lithium NickelManganeseCobalt battery; and a separate one including a 10 MW,
Lithium Titanate battery together with a 2 MW solar facility. with these projects TEP will be able to assess the
operational impacts of two of the predominant Lithium technologies available today. Both systems were
commissioned during the early months of 2017.
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Dis tributed Gemrntir»11 RLs(1ulces
Distributed Generation resources are small~scale renewable resources sited on customer premises. The

Renewable Energy Standard requires that a portion of renewable energy requirements be obtained from

residential and commercial DG systems. The required DG percentage in the Arizona RES is 30% of the total

renewable energy requirement.

By the end of 2016, TEP had approximately 190 MW of rooftop solar PV. DG is expected to supply at least 342
GWh of energy in 2017. Only a very small portion of this generation is attributable to the TEPowned rooftop
solar program that was initiated in 2015.

Mzip 19 - TEl"< Dislriliiit<(f Sols R1\oilrces Sites
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Davis Monahan Air Force Base Distributed Generation Project
The February 2014 completion of a 16 MW solar addition at Davis Monthan Air Force Base (DM) has expanded
the total solar resources for the base to 21 MWs making DM the site of the Department of Defense's largest solar
facility. The 2014 addition is comprised of over 57,000 fixed tilt panels on 170 acres. owned by Sun Edison, it is
contracted to supply the Air Force base with power over the next 25 years for an expected taxpayer savings of
$ 500,000 per year.

Picture 24 - Davis Monahan Air Force Base Distributed Generation Project
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Transmission

Overview
Transmission resources are a key element in TEP's resource portfolio. Adequate transmission capacity must

exist to meet TEP's existing and future load obligations. TEP's resource planning and transmission planning

groups coordinate their planning efforts to ensure consistency in development of its longterm planning

strategy. On a statewide basis, TEP participates in the ACC's BTA which produces a written decision by the ACC

regarding the adequacy of the existing and planned transmission facilities in Arizona to meet the present and

future energy needs of Arizona in a reliable manner.

TEP's Existing Transmission Resources
TEP's existing transmission system was constructed over several decades to support the delivery of the base

load coal generation resources in northern Arizona and New Mexico. Today, TEP owns approximately 473

miles of 46kV lines, 405 miles of 138 kV lines, and is owner and part owner of 1,110 miles of345 kV lines and

655 miles of500 kV lines. As shown in Map 20 the Tucson service territory area is interconnected to the

Western Interconnection Bulk Electric System (BES) via 345 kV interconnections at the South Loop and Vail

substations, and a 500 kV interconnection at the Tortolita substation. These three substations interconnect and

deliver energy from the EHV transmission network to the local TEP 138 kV system.

Map 20 TEP's Existing Transmission Resources (includes rights on other systems)
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In November 2015, TEP energized its newest 500 kV transmission expansion project that interconnects at the

500 kV Pinal Central Switchyard. The Pinal Central to Tortolita 500 kV line adds a second extra high voltage

(EHV) transmission connection between Tucson and the Palo Verde wholesale power market. This line ties in

at the existing Salt River Project Southeast Valley transmission project that extends from Palo Verde to Pinal

Central into Tortolita. This new transmission interconnection improves TEP's access to a wide range of

renewable and wholesale market resources located in the Palo Verde area while improving TEP's system

reliability.

Map 21 Pinal Central - Tortolita 500kV Project
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Pima] West to South Upgrade Project

The Pinal West to South 345kV line is undergoing equipment replacement that will increase the thermal rating
of the line. This is expected to increase the Total Transfer Capability of the line, which will allow TEP to
schedule more power to the TEP load pocket from remote resources.
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i

1

l
lCHAPTER 10

i
FUTURE RESOURCE REQUIREMENTS

Future Fnvrgv lfficicncv Assumptions
TEPs EE programs will continue to comply with the Arizona EE Standard that targets a cumulative energy
savings of 22 % by 2020. For this IP, EE is modeled as a resource and is dispatched to meet load based on the
EE shape described in Chapter 5. The energy savings reflected in our reference case forecast through 2020,
represent an estimate of the energy savings needed to meet the standard, excluding savings associated with
program credits37. From 2021 through the end of the planning period, the estimated annual savings are based
on an assessment of "achievable potential" in energy savings from EE programs conducted by EPR13**. This
"achievable potential" represents "an estimate of savings attainable through actions that encourage adoption of
energy efficient technologies, taking into consideration technical, economic, and market constraints"." Market
constraints include both market acceptance factors such as transactional, informational, behavioral, and
financial barriers, as well as program implementation factors which account for recent utility experience with
EE programs40.

TEP will pursue a range of costeffective and industryproven programs to meet future EE targets. TEP's
proposed EE portfolio, in addition to maintaining compliance with the Arizona EE Standard, is also expected to
be compliant ready under the provisions of the CPP. Given the uncertainty around the status of the CPP, TEP
notes that EE is an effective compliance tool under virtually any policy aimed at reducing carbon emissions.
Under a massbased approach, EE aide in compliance by displacing actual fossil generation and the associated
emissions. Under a ratebased approach, similar to the CPP, EE measures that undergo appropriate, Evaluation,
Measurement and Verification (EMV), can be used to reduce the emission rate of affected fossilfired
generators. By 2032, this offset to future retail load growth is expected to reduce TEP's annual energy
requirements by approximately 1,894 GWh and reduce TEP's system peak demand by 318 MW.

i

l

I

I

37Arizona Administrative Code. R 1422404 C. G.
ea U.S. Energy Efficiency Potential Through 2035 Electric Power Research Institute, dated April 2014.

39 Ibid p. v
40 Ibid p. 220
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luturc Renewable Energy Assumptions
In the Company's most recent general rate case proceeding, TEP committed to diversifying its generation

resource portfolio with a goal of serving 30% omits retail load with costeffective renewable resources. The

states renewable requirement remains at 15% by 2025, and the Company expects to achieve 15% by the end of

2020. As of the end of 2016, the Company has nearly 400 MW of combined utility scale renewable generation

capacity on its system, and supplied approximately 10% omits retail sales with renewable resources. The

Company anticipates adding approximately 800 MW of renewable energy capacity by 2030, based on current

technology and cost projections, in order to achieve its' desired 30% renewable target.

TEP recently signed a 100 MW wind PPA with NextEra Energy Resources, scheduled for completion by early

2019. TEP is also evaluating responses from a 100 MW solar RFP, also scheduled for completion in early 2019.

Immediately beyond these significant additions, TEP expects to focus on the introduction of large scale storage

facilities and fast response thermal generation to facilitate the addition of the next tranche of large scale

renewable systems.
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l

l\LlEPs 2017 Rel cl volt r Plan - Porllolio Energy Mix
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The portfolio energy charts shown above represents the energy resource mix to serve TEPs retail customers. Wholesale

market sales are excluded from these results. By 2030 TEPs retail customers will be served from 30% renewables. This is

based on a combination of utilityscale and distributed generation resources.
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lCclinology Consitlurations
In order to achieve the Company's stated goals the Company continues to evaluate on an on-going basis the

most cost-effective renewable energy options currently available. This evaluation includes the most current

market costs of renewable technology such as wind and solar, system integration availability and associated

technologies to facilitate greater renewable penetration, as well as existing and planned transmission

availability for regions located outside the Company's service territory. As expected with the current technology

cost declines, current tax incentive policies, and solar insulation values in southern Arizona, utilityscale PV

solar is the least cost resource on an energyonly basis, followed closely by higher-capacity wind resources

located in central eastern portions of Arizona and western region of New Mexico.

Although the Company expects to have a higher percentage of solar resources within its service territory,

primarily due to favorable production curves, low costs, and lack of available transmission to import other

resources, this will ultimately result in operational challenges as discussed above in Chapter 3, including the

Company's ability to manage its own "duck curve". These integration issues including the addition wind

resources, will require new technologies to manage the variability of these resources. The Company sees this

challenge as an opportunity to both explore and utilize newer fastacting storage technologies to mitigate

system variability due to the intermittent nature of these resources.

liivrsitv of Resources
As the Company has previously discussed, the potential impact on grid operations due to increased renewable

penetration is expected to dramatically alter the Companys traditional resource portfolio requiring greater

flexibility and newer fastacting generation resources. In order to minimize the impact of variable generation

resources and their impact on operations the Company must maintain a mix of variable renewable generation

resources. These technologies will focus on those technologies readily available to the Company with the

capability to be delivered to the consumer.

This mix of technologies will primarily be large scale wind resources in eastern Arizona and western New

Mexico that are able to utilize existing transmission facilities and capacity including expected available capacity

from planned plant retirements, and multiple solar resources. The solar resources will be a mix of fixed PV and

tracking PV, in the scale of 25100 MW, which can be more easily interconnected with the Company's sub

transmission and distribution systems. The Company has chosen not to pursue PV or solar technologies that

have a high consumption of water, such as concentrating solar thermal.

Uti l ity Scale Project Ownership

TEP has had a longstanding policy of utility investment in large scale solar resources. This policy is based on

the concept of the utility owning and operating utility scale solar resources in order to provide a balance of

contracted versus owned facilities as well as provide greater operational flexibility by having the ability to

regulate and curtail operations as necessary. Historically the Company has strived for approximately 25%

owned (solar) facilities and 75% contracted through PPA's. The Company believes this is an appropriate

balance to maintain some system operational control while providing the industry an opportunity to support

solar development in southern Arizona.

While the Company firmly believes it should maintain a percentage of renewable ownership it also recognizes

the challenges associated with its renewable energy development targets. As previously noted significant

integration of solar resources into the Companys generation portfolio will create a considerably more

pronounced "TEP duck curve". Due to the significantly lower PPA prices associated with solar and wind the

concept of curtailable resources while ensuring the third party owner remains economically unharmed is in

Page - 236



2017 Integrated Resource Plan

many cases one of the least-cost options for mitigating the impacts of excessive generation during periods of
high penetration.

Future Grill Balancing Resources
As described in Chapter 3 it is critical for TEP to maintain adequate resources that can balance load and

generation especially as increased use of renewable energy leads to greater intermittency of generation and

greater ramping requirements of non-renewable energy resources. This section of the IP describes the

addition of new gridbalancing and loadleveling resources assumed in the Reference Case Plan.

Energy Sto l2 lg t

In addition to the 20 MW of battery ESS installed in 2017, the Reference Case Plan assumes the implementation

of three battery ESSs: one each in the years 2019, 2021, and 2031. The systems in 2019 and 2021 would each

be 50 MW with a storage capacity of 50 Mwh. The system in 2031 would be 100 MW x 100 Mwh.

The primary purpose of the 2019 and 2021 systems is to facilitate the integration of more renewable energy

into TEP's resource mix. Specifically, the systems would provide ancillary power services such as frequency

response and regulation and voltage support which are more challenging for traditional power sources to

maintain under the demands of a system with high levels of renewable energy penetration. The system in 2019

would correspond with the largest addition of renewable energy capacity to TEP's system over the planning

period (180 MW). The system in 2021 would further support renewable energy integration (e.g., as more DG

comes on line] while providing more time to gain experience with battery ESSs and for such systems to further

decline in cost. Finally these ESSs would provide energy capacity value. In the Reference Case Plan, it is

assumed that half of their capacity (50 MW] would be available if necessary under peak demand.

By 2031, substantially more renewable energy is expected to be on line. Thus the Reference Case Plan assumes

another ESS (100 MW x 100 Mwh) to be implemented by then. Again the primary purpose would be to provide

gridbalancing and load-leveling resources. It is assumed these resources would be provided throughout most

of the year (e.g. when ramping requirements are high in the nonsummer months) but that this system would

provide primarily energy capacity services in the summer (100 MW).

Although the Company has had considerable discussion regarding the location of the initial storage facilities
and the appropriate voltage level at which to obtain the maximum system benefits it was ultimately
determined that they would interconnect at the distribution system level. There were advantages to siring the
storage facilities inside company owned substations, as well as the R8¢D advantages ofsiting one project at the
University of Arizona Science and Tech Park. Additionally being the first of their technology within our system,
jurisdictional siring and permitting policies had to be determined through close collaboration with the City of
Tucson and Pima County.
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In the future, the siring of larger scale storage facilities will depend on a number of circumstances, including:

>

>

>

>

>

>

Primary purpose of facility (distribution or transmission level voltage support, frequency response,

generation smoothing and ramping, etc.)

Secondary and tertiary ancillary services available from facility relative to its location
Engineering studies

Size of facility

Interconnection feasibility

Company or third-party owned facility

Although a number of instability issues have been identified as a result of future wind and solar penetration on

the grid, actual transmission and distribution system operations will determine the actual location and timing

of any planned storage additions to the system.

The Company is closely following the technology advances in large scale energy storage, specifically as it relates

to the development of large-scale (>10 MW), long duration (>4 hrs.], energy storage. The Company's first utility

scale storage facilities have been lithiumion based chemistry, and this chemistry is making significant advances

towards longer-term, higher capacity energy storage. Additionally, the Company is tracking advancements that

have been made in flow-based energy systems, particularly Vanadium, Iron, Zinc, and Redox Flow technologies.

Also, TEP is closely monitoring the progress of pumped hydro storage projects in the West. Although these

technologies are still on the high end of the cost curve, their potential to provide long term, high capacity energy

storage with long life cycles holds significant promise for the utility industry.

F as t  re s p o ns e  T he rm al  ( i c nc ix i t io n

As renewable penetration increases, fast responding resources will be needed to smooth out the oft-occurring

variability of solar and wind generators. Additionally, a certain level of thermal resources with mechanical

inertia will have to be maintained in order to help balance the electric system. RlCEs are fast to respond to
renewable variability but can also provide 100% ELCC during peak periods. The units are only degraded by

runtime hours and can withstand multiple start-ups within a day. The units are also capable of running at 30%
of their designed capacity. A 10 MW unit can idle down to 3 MWs and spin or stand ready to react to

disturbances or renewable generation reductions.

In its fleet of generating resources, TEP has targeted two aging gassteam generating units for retirement at

Sundt Generating Station. Units 1 and 2 are each 81 MW units that are increasingly requiring more O&M and

capital expenditures. These 1960's vintage units have high heat rates and are often only run for summer

reliability contingency mitigation. Sundt Units 1 8¢ 2 are not well suited to respond or participate in mitigating
renewable generator intermittency. TEP performed an internal study to determine the economic and

operational benefits of replacing these units. The recommendation made is that Sundt Units 1 and 2 should be

retired in 2020 and 2022 respectively and replaced in those years with 100 MWs of RICE.

The study showed that RICE bettered each Sundt unit by a LCOE difference of approximately $26/MWh. The

capital expended on RICE overcame the Sundt units because RICE is more efficient and it performs at higher

capacity factors. As mentioned above, cycling RICE has no impact on O&M and the 3 to 5 minute start times are

not equaled by any existing generator in the TEP fleet. The RICE units will equally provide summer peaking

capability but more importantly, these fast, responsive and efficient units are a better fit with renewable

energy. Reliability is increased as well because the probability of outages is spread across multiple units.
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Dcmaml Response
TEP currently implements a voluntary DLC program for larger commercial and industrial customers in TEPs
service territory. During peak hours [late afternoon and evening) of the summer months commercial and
industrial load represents a total of approximately 22% of system demand. Controls for chillers, rooftop AC
units, lighting, fans, and other end uses are modified to allow for curtailment of load, thus reducing power
demand from customers at specified times. Participating customers voluntarily reduce their electricity
consumption during times of peak electricity demand or high wholesale electricity prices (when alerted by
TEP). Customers are compensated with incentives for their participation at negotiated levels that will vary
depending on multiple factors including the size of the facility amount of kW under load control, and the
frequency with which the resource can be utilized.

The program has had slower growth than originally expected due to the small industrial based customer load in

Tucson. TEP uses a thirdparty vendor to administer the DLC program and is targeting enrollment of enough

customers by 2020 to reach 42 MW of summer peak demand reduction, available for up to 80 hours per year

with a typical load control event lasting 34 hours. For planning purposes, TEP assumes approximately 4%

annual growth in DR capacity after 2020 resulting in 67 MW available in 2032 with 2% annual increase in fees

needed to achieve that level of growth. These growth assumptions would likely require expanding DLC beyond

the Commercial and Industrial sectors.

Comparing the cost of TEP's current DLC program to shortterm capacity market prices, TEP does not anticipate
that DR will be an economically feasible option for short-term capacity prior to 2022, and beyond that time, TEP
does not project a significant need for shortterm capacity. Therefore, TEP intends to shift toward designing
DLC programs that are capable of cost-effectively addressing periods of significant ramping, anticipated with
high penetration of renewable resources.
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F u t u r e  l y i ns m i s s i o n

Transmission resources are a key element in TEP's resource portfolio. Adequate transmission capacity must

exist to meet TEPs existing and future load obligations. TEP's resource planning and transmission planning

groups coordinate their planning efforts to ensure consistency in development of its longterm planning

strategy. On a statewide basis, TEP participates in the ACC's BTA to develop a transmission plan that ensures

that Arizona's transmission organizations are coordinated in their efforts to maintain system adequacy and

reliability.

TenYear Transmission Plan
On an annual basis, TEP develops and submits to the Commission a ten year transmission plan for its EHV and

local transmission networks. This plan reflects planned and conceptual projects on the EHV transmission

network used to bring power from remote resources into the Tucson load pocket and the local 138kV local

network used to deliver power to the local distribution substations. TEPs EHV and 138kV transmission system

is planned to meet performance requirements of the NERC Transmission System Planning Performance

Requirements (TPL0014) standard and the WECC Transmission System Planning Performance (TPL-001-

WECCCRT-3.1) criteria. This plan includes new or reconductored transmission projects, transformer capacity

upgrades, and reactive power compensation facility additions at 115kV or above. This plan ensures that TEP

has sufficient load serving capability and Total Transfer Capability to provide service to its customers under

normal conditions and following outages as specified in the NERC standards and WECC criteria.

TEPs 2016 ten year transmission plan included the following:

>
>
>
>
>
>
>

1 planned EHV transmission line project

7 conceptual EHV transmission line projects
0 EHV planned or conceptual EHV reactive compensation projects

13 planned 138kV transmission line projects

5 conceptual 138kV transmission line projects

4 planned 138kV reactive compensation projects
0 conceptual 138kV reactive compensation projects

Transmission Substation l<ctonfiguration l'lolL'tts
To improve system reliability and maintainability of the transmission system and meet new requirements of

the NERC Planning Standards, TEP is converting four substations from a ring bus to a breakerand-ahalf

configuration. The Greenlee (Phil Young] and South Loop 345kV substation conversions will take place in 2018.

The Irvington and DeMoss Petrie 138kV conversions will take place in 2020 and 2021, respectively.

IioziceIittIal Future Loc;il Aron 345 kV I. ll\ Transmission Pro sects
The Irvington-Vail, Irvington-South Loop 345 kV projects are two conceptual projects that were analyzed as

possible long term transmission scenarios to improve local area transmission capacity. These are two phase

projects that are part of a larger EHV reach-in strategy to serve the growing load in Tucson without requiring

EHV lines across the central metro area. In addition, these projects are coordinated with the potential build out

of local generation resources at Sundt Generating Station. in Phase 1, a new 26 mile 345kV line would be

constructed between the Irvington and South Loop Substations. Phase 2 of this project would complete a new

10 mile 345 kV line interconnecting the Irvington and Vail Substations. Phase 1 would be expected to precede

Phase 2 by several years. New Phase 1 facilities would include a 345 kV termination at Vail and a 345/138 kV

substation at Irvington.
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Map 22 - Local Area Conceptual 345 kV EHV Projects
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RLs()llI.L£s NoTransmission Ld0d Fm New Generating Risi1lIlC€S
Additional transmission resources will be needed for specific generation interconnections. For purposes of this
resource plan, the resource planning group developed a set of transmission cost assumptions based on the list

of potential generation resources. These generation resource options include the additional costs associated

with any transmission improvements that would be required to connect the resources to the transmission

system.

For example, some of the larger base load resource options are expected to be constructed far from the TEP
service territory and would require significant transmission infrastructure improvements with the construction
of the generation facility. Smaller generation facilities such as gas turbines would likely be constructed within
the Tucson metro area and would require a much smaller interconnection investment. Finally, in addition to
construction capital, the resource plan also includes the costs of the on-going O&M that is required to maintain
these transmission facilities.
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CHAPTER 11

ALTERNATIVE FUTURE SCENARIOS AND FORECAST SENSITIVITIES

ll

l

Modeling the performance of a resource portfolio involves making assumptions about future conditions such as
economic growth, fuel and wholesale power markets, regulatory conditions (e.g. emission prices), and the pace
of technological development. TEP seeks to identify a reference case portfolio that provides solid performance
under the assumptions selected while maintaining optionality to make course adjustments in response to actual
emerging conditions. Due to the inherent uncertainty about these future assumptions, it is necessary to test the
performance of each resource portfolio against a range of future conditions to better assess whether a portfolio
is robust under varying conditions. Because certain market conditions do not move independently of each
other, alternative future scenarios must be identified that capture a range of future conditions, yet represent
plausible outcomes in terms of the relative movement of different market forces.

PACE Alternative Future Stcnririos
TEP hired PACE to develop a base case set of assumptions and two alternative future scenarios for modeling the
performance of each resource portfolio. These three future states of the world are characterized by discrete
scenarios with varying economic drivers that represent three separate forecasts of forward market conditions
(See Appendix A).

These scenarios are defined as:

1.

2.

3.

Base Case Scenario
High Technology Scenario
High Economy Scenario

l
I

I

The Base Case Scenario features existing regulations, gradually rising midterm gas prices [in real terms),
continuing technological growth, low load growth and generally moderate market outcomes. Power market
participants are able to adapt and adjust in a timely manner to changing market forces.

The High Technology Scenario is characterized by significant advances in energy storage technology, renewable
energy deployment, emissions reduction and CO2 removal technology, high efficiency natural gasfired
generation, and also natural gas extraction productivity improvements. These conditions tend to subdue fuel
prices, power prices and capital costs, and put pressure on coal plant economics, resulting in additional
retirements. However, there are also significant developments in technologies that improve EE, which helps to
mitigate load growth that might otherwise be expected in a "high technology" scenario with robust economic
growth.

The High Economy Scenario is characterized by a robust and growing U.S. economy that keeps upward pressure
on all of the major market outcome categories, including load growth, fuel costs, power prices, and capital costs.
This growth is in the absence of a major technological breakthrough. Existing generation resources are needed
to maintain this economic expansion, limiting the number of retirements while accelerating the number of
capacity additions. While this scenario shares many of the attributes of the previous "High Technology"
scenario, the pace of technological innovation is not as dynamic and therefore beneficial to keeping prices and
costs in check.
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Under the High Technology and High Economy Scenarios, key market indices such as fuel prices, emission
prices, and retirements move in opposite directions relative to the base case, thereby providing the range of
outcomes desired for portfolio modeling.

The table below represents trends for each variable in the "Base Case Scenario" and the directional shift in
trend relative to the base case outlook in and "M" under the "High Economy Scenario" and the "High
Technology Scenario". The "L" symbol represents a decline or a reduction in trend compared to the base case
projection, whereas the "H" symbol represents an increase or a rise relative to the base case projection for the
corresponding period. Finally, the "M" symbol represents identical movement to the base case or a convergence
to the base case for the specific period if the previous trend has caused the variable to go above or below the
base case.

Table 20 - Summary off\( l \ K¢\ Pl.innin;; llrivirs Sccli.\ri(w

High Economy ScenarioKey Planning

Drivers

High Technology Scenario

Low Natural Gas Pricing
Base Case Scenario l

Base Case Natural Gas Pricing | High Natural Gas Pricing

PlanningHorlzon
Long-
Term

Mld-
Term

Long-
Term

Mld-
Term

Short-
Term

Mid-
Term

Long-
Term

Short-
Term

Short-
Term

LLNatural Gas Prices

LLCoal Pric es

L44LiaLoad Growth

L L

LL

co, Compliance Prices

Wholesale Power Prices

LCapital Costs

Coal Plant Retirements L

Resource Additions

Upward
Trend

Upward
Trend
Level
Trend

Upward
Trend

Upward
Trend

Upward
Trend*
Upward
Trend

Upward
Trend

Level
Trend

Upward
Trend

Upward
Trend

U pea rd
Trend
Level
Trend

U pea rd
Trend *
u award
Trend

U award
Trend

Notes:

All scenarios are similar to the Base Case (B) in the shortterm then move low (L). high (H) or moderate (M) relative to the base case.

Planning Horizon: ShortTerm = 20162018 MidTerm = 20192025, LongTerm = 20262040

*Certain renewable technologies are on a downward capital cost trend as the technologies continue to mature

"Slight ly lower
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Natural Gas Prices
Chart 39 shows the Henry Hub natural gas price assumptions for the three PACE scenarios.
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(:oak Prices

TEP currently has ownership shares in four coal-fired power plants in Arizona and New Mexico, most of which
are under longterm contracts for coal supply.

> San ]Ian: The plant is a mine-mouth facility that receives coal from the San loan mine. It has recently

signed a short-term contract through ]f ly 2022.

> Springerville: The plant has access to local coal from the El Segundo mine in New Mexico via rail

deliveries. Springerville can burn both Western sub bituminous coal as well as coal sourced from

Powder River Basin.

> Navajo: The plant receives coal from the Kayenta mine, located 80 miles south of the plant, via a

dedicated rail line. TEP is under a long-term coal supply agreement through 2030.

> Four Corners:The Four Corners Power plant is sourced from the Navajo Coal mine, which is mine-
mouth facility operated by the Navajo Transitional Energy Company. The Four Corners' coal supply
agreement runs through lune 2031.

TEPs assumptions for coal prices are based on contract indices and escalators that are driven by the

PACE coal market outlook to establish coal price projections for the TEP fleet. Chart 40 reflects the TEP

weighted average coal pricing for the three scenarios.

Chart 40 - TEP Coal Price Assumptions
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Palo Verde (7x24) Market Prices
Chart 44 shows the Palo Verde market price assumptions for the three PACE scenarios.
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Tucson Electric Power

Load Growth Scenarios
Due to the need for comparability between alternative portfolios, the base case load assumption will be used for

all alternative portfolios. Varying assumptions on load growth is analyzed against the Reference Case Plan

portfolio only. The 2017 Reference Case Plan projects TEP peak demand growing approximately 0.7% per year
between 2020 and 2030. This change in growth is highly influenced by the assumption of a significant mining

expansion occurring by 2022. Other than this expansion, TEP doesn't forecast any significant increase in load

from TEP's large industrial and mining customers. The 2017 Reference Case Plan also shows a steady decline in

firm wholesale obligations as current contracts expire. For the load growth scenarios, these base case

conditions will be modified to create a High Load and Low Load scenarios. The load growth scenarios are

described below. Results of this scenario analysis along with changes that would be required in the Reference

Case Plan are summarized in Chapter 12.
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Tucson Electric Power

Fuel, Market and Demand Risk Analysis

TEP developed explicit market risk analytics for each portfolio through the use of computer simulation analysis

using AuroraXMP41. Specifically a stochastic based dispatch simulation was used to develop a view on future

trends related to fuel prices*2, wholesale market prices, and retail demand. The results of this modeling was

employed to quantify the risk of uncertainty and evaluate the cost performance of each portfolio. This type of

analysis ensures that the selected portfolio not only has the lowest expected cost, but is also robust enough to

perform well against a wide range of possible load and market conditions.

As part of the Companys 2017 resource plan, TEP conducted risk analysis around the following key variables:

> Natural Gas Prices

> Wholesale Market Prices

> Retail Load and Demand

> Delivered Coal Prices

41 AURORAxmp is a stochastic based dispatch simulation model used for resource planning production cost modeling. Additional
information about AURORAxmp can be found at
42 Both natural gas and coal.

Page 252



2017 Integrated Resource Plan l

i

iPermian Natural Gas Prices
I As part of 2017 IP analysis, TEP ran one hundred risk simulations to quantify the risk of uncertainty related to

Permian natural gas prices. Chart 43 below details PACE Global Base Case (Clean Power Plan) Scenario and the
natural gas price simulations against which the portfolios were evaluated.
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Tucson Electric Power

Permian Natural Gas Price Distributions
Chart 46 shows the expected price distributions for natural gas sourced from the Permian Basin. These

distributions are based on the stochastic data simulations shown in Chart 45 shown above.
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Palo Verde [7x24) Wholesale Power Prices

l
l

l

l
l

l
l

l
l
l
l
l

As part of the 2017 IP analysis, TEP ran one hundred risk simulations to quantify the risk of uncertainty
related to wholesale power prices. Chart 47 below details PACE Global Base Case (Clean Power Plan) Scenario
and the wholesale power price simulations against which the portfolio were evaluated.
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Tucson Electric Power

Palo Verde (7x24) Market Price Distributions

Chart 48 shows the expected price distributions for wholesale power sourced from the Palo Verde market.
These distributions are based on the stochastic data simulations shown in Chart 47 shown above.
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load Variability and Risk
As outlined in the previous sections, load is also varied within each of the 100 simulations in accordance with
the movement of natural gas and wholesale power prices. In this way, a wide variety of possible load growth
scenarios are also considered in thesimulation analysis and are therefore inherent in the resulting risk profiles.

Chart 49 TEP Peak Retail Dcmaml (mw)
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CHAPTER 12

REFERENCE CASE PLAN

TEP's 2017 IP Reference Case Plan continues the Company's longterm strategy of resource diversification by

taking advantage of nearterm opportunities to reduce its higher cost coal capacity, expanding the deployment

of renewable energy resources with a target of serving 30% omits retail load using renewable energy by 2030,

continuing development and implementation of costeffective EE measures, and adding highefficiency natural

gas resources.

lacs(iilwc f)iv<isiti<.lti(>ii
In September 2016, TEP acquired the remaining 50.5% share of Springerville Unit 1, bringing its total capacity

at Springerville to 793 MW with full ownership and operational control of Units 1 and 2. As part of the 2017

IP Reference Case Plan, TEP plans to make the following coal capacity reductions over the next five years. By

2018 TEP will reduce its coal capacity at the San Juan Generation Station from 340 MW to 170 MW with the
retirement of San Juan Unit 2. TEP will further reduce its overall coal capacity by 169 MW assuming the Navajo

Generating Station ceases operation at the end of 201943. Finally, TEP will exit San ]Ian entirely when the

current coal supply agreement ends in July 2022.

The 2017 Reference Case Plan includes two large renewable energy projects coming online in 2019. These

projects, consisting of 100 MW of wind and 80 MWAC of solar PV, are currently in procurement as PPAs.

Further renewable energy is assumed to be added to the system between 2023 and 2030, consisting of a

diversified mix of solar PV (fixed axis and SAT) and wind. To support the system in light of this high
penetration of intermittent renewable energy, and to provide replacement capacity for the retirement solder,

less efficient natural gas steam units at Sundt (Units 1 and 2), it is assumed that TEP installs approximately 192

MW of natural gas fired RlCEs between 2020 and 2022. Additional renewable energy support and other

ancillary services are to be provided with a number energy storage projects assumed to come on line between

2019 and 2021. These systems are assumed to be 50 MW projects with a storage discharge capacity of 50
Mwh.

43 The 2019 retirement date is dependent upon receiving an extension of the lease agreement to allow for plant decommissioning prior to
expiration of the lease. Without an extension of the current lease plant closure would need to take place as early as this year to allow for
decommissioning by the end of 2019.

l

l
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2017 Integrated Resource Plan
l
l

l

Q

..\<1<lltluI1 of Resources to Meet System l{eqimeinents

I

I

i

i

In considering future resources, the resource planning team evaluates a mix of load serving and grid balancing

technologies. This mix of technologies includes both commercially available resources and developing

technologies that are likely to become technically viable in the near future. The IP process takes a high-level

approach and focuses on evaluating resource technologies relevant to the needs of the system, rather than

focusing on specific projects. Candidate resource additions designed to meet planning reserve requirements

are identified for modeling and through an iterative process, a specific configuration in terms of technology,

timing and capacity is arrived at based on cost factors (capital expense and Net Present Value [NPV]), reliability

needs and environmental performance. This approach allows the resource planning team to develop a wide-

range of scenarios and contingencies that result in a resource acquisition strategy that contemplates future

uncertainties.
i
II
i
!
I|
I

I

I
.I
I!
i
I

Addition of Load Serving Resources
To replace the nearterm coal capacity reductions (508 MW between 2017 and 2022), TEP plans to add

approximately 400 MW ofNGCC capacity in 2022. NGCC is a highefficiency intermediate to caseload resource

and given the current outlook on natural gas prices, represents the lowest LCOE among fullydispatchable load-

serving resources. NGCC units are also capable of loadfollowing and, in the proper configuration, can provide

fast ramping response.I
l

I

|

;

l

|

Addition at (mil lE.al.uu mg and Load Leveling Resources
An additional 150 MW of RICE capacity is assumed to commence operation in 2031 as the renewable energy

capacity increases, and as older combustion turbine and natural gas steam units are retired, in addition to the

retirement of Four Corners. The high efficiency of these units combined with their modular arrangement and

fast start and fast ramp capabilities make them a highly-flexible, cost effective alternative for addressing

renewable intermittency as well as peak capacity. In addition to the 120 MW of battery ESS installed by 2021,

the 2017 IP Reference Case Plan assumes the addition of energy storage in 2031. This system would be 100

MW x 100 MWh and could provide a combination of ancillary, peak capacity and loadleveling services.

il
l

l
1

Rvlt=l<'m0 Case Plan 9ummarv and Timeline
Chart 51 and Chart 52 show the Reference Case Plan resource capacity additions and retirements by year,

respectively. Chart 51 gives an indication of the source of replacement and make-up power due to unit

retirements and increasing load. Figure 38 details the significant resource planning decisions assumed for the

2017 IP Reference Case Plan.
l

l

l
i

l

l
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Chart 51 . Reference (;Ase Plan - New Resource (Qapucilv
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l

l

\
lFigure 38 - 2017 IP Reference Case Plan Rvsuurce Timeline
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For modeling purposes, the 2017 IP Reference Case Plan does not include any significant new transmission

upgrades over the 15year timeframe. The TEP TenYear Transmission Plan only includes one "Planned"

project, which is a relatively small project anticipated for construction in 201844. Several "conceptual" projects

were identified in the plan, however, the timing of these projects is expected to be determined through future

transmission planning activities. TEP will update these conceptual project descriptions in future IP filings as

they are clarified.

44 Hassayampa - Pinal West - project is a 500kV line loopin of 3 spans or less to connect an existing line to the jojoba Switchyard
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Reference Case Plan Attributes
The primary objective of the Reference Case Plan is to provide a portfolio of resources that reliably meets our

customers energy needs at an affordable rate, while identifying and addressing potential risks to cost and

reliability. TEP's 2017 Reference Case Plan achieves both of these objectives. Chart 53 and Chart 54 below

show the growing diversity in energy and peak capacity, respectively, over the planning period.

(hart 53 Reference Lase Plum Annual Energy by Resource
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Existing Renewable Integration Requirements
TEP's Reference Case Plan targets serving 30% of its retail load using renewable resources by 2030. These

renewable resource additions result in a significant amount of new intermittent capacity, which requires a

corresponding increase in Grid Balancing services to provide "back-up" capacity when those renewable

resources are unavailable. As a measure of the ability to maintain reliability, Chart 57Chart 55 below shows
TEP's existing 10-minute ramping capacity in comparison to the Company's projected reserve and ramping

requirements. Chart 56 details TEP'scurrent 10-minute ramping capacity by resource.

Chart as - TOP's Existing 10-Minute Ramping Capacity versus Projected Requirements
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Reference Case Plan Renewable Integration Requirements
As shown on Chart 57 and Chart 58, TEPs Reference Case Plan portfolio additions of new reciprocating engines
and battery storage in the 2020 timeframe will enable the Company to meet its near term and longer term 10
minute ramping requirements to reliability integrate the target of 30% renewable resources by 2030.

Chart 57 - TEPs R¢icl0lice Case Plan 10Minute Ramping Capacity versus Projected Requirements
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Clean Power Plan Compliance
As discussed in Chapter 3, TEP assumes that Arizona would adopt a subcategorized rate based approach for

CPP compliance, while New Mexico and the Navajo Nation would adopt a massbased approach. In addition,

due to the economic advantages inherent in trading, TEP assumes that all three jurisdictions would enter a

national trading pool. Chart 59 shows TEP's compliance position in Arizona under the Reference Case Plan.

TEP's significant investment in renewable energy resources and continued EE deployment result in a surplus of

ERCs that would be available for sale or could be banked for future compliance periods.

Chart 99 . TFP R1fvrenre Case Plan CPP Compliance Arizona
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Chart 60 shows TEP's compliance position in New Mexico and the Navajo Nation, combined. The significant

retirement of affected coal-fired units in these jurisdictions results in a surplus of emission allowances during

each compliance period.

(chart 60 TEP Reference (..is¢ Plan (PP Colnpliancc Marv l\lv\ico url \.iv.ijo \;I lion
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Rulcrcnct' Case Plan Risk l);1slil>o;ii1l

While there are many risk factors directly or indirectly associated with each resource portfolio, they all stem
from the fact that operating under a fully integrated electric utility model requires very large capital
investments that generally need to be paid for over many years. Our goal is to develop a Reference Case Plan
that provides optionality to make adjustments should there be a major change in future market and regulatory
outcomes. Still, risk cannot be eliminate, therefore, key risk factors need to be identified and measured.

TEP developed a Risk Dashboard below as a means to bring attention to the primary risk factors effecting future

resource decisions.

C02 Emissions - While the Reference Case Plan is evaluated for compliance with the CPP as discussed

above, the ultimate outcome of the CPP litigation is uncertain, and the current liP planning horizon

extends beyond the CPP implementation period. TEP believes that COZ emission reductions will

eventually be required, though the timing and magnitude of those reductions remains uncertain. TEP

believes that the Reference Case Plan CO2 emission reductions (in excess of 30% by 2032) represents a

balanced position in the event of a future CO2 emission compliance requirement.

Water Consumption - Water availability for power generation is an ongoing concern, especially in the

Desert Southwest. Low surface water levels due to drought and changing weather patters suggest that

a longterm goal to reduce surface water consumption is appropriate. Consumption of groundwater is

much more sitespecific. TEP believes that the 100% reduction in surface water consumption and
nearly 30% reduction in water consumption overall by 2032 realized under the Reference Case Plan is

a significant outcome in terms of managing future water supply risk.

Natural Gas Usage - Over the past five decades, TEP's resource mix has been dominated by coalfired

generation. While making a strategic effort to diversify its resource portfolio, which includes replacing

coalfired generation with natural gas and renewable resources, the Company is mindful of not going

"too far", thus creating an overreliance on natural gas. TEP believes the Reference Case Plan resource

mix appropriately manages the risk of overreliance on one resource type.

Capital Expenditures - A longterm resource plan should provide the optionality to make course

corrections to address uncertainties (market performance, technology development, regulatory changes,

etc.) and well as unforeseen circumstances. That optionality can be lost due to large, nearterm capital

investments. The 2017 Reference Case Plan portfolio stages major capital investments family evenly

over the 15year planning period.
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Chart 61 - Rel0l1l1<c Cust Plan Risk Dashboard
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Load Growth Scenario Analysis

High Load Scenario
The high load growth scenario assumes a continuation of firm wholesale contracts at levels consistent with

those in the near term. Under the Reference Case load, firm wholesale obligations remain steady through 2022

at just over 150 MW, then begin to decrease as current contracts expire. The high load scenario maintains firm

wholesale obligations at 160 MW from 2023 through the end of the planning period, which results in an

increase in peak demand ranging from 31 to 116 MW compared to the Reference Case Plan.

The Reference Case Plan has excess reserve beginning in 2025 due to the significant increase in renewable

energy as well as the ramping resources needed with that high level of renewable penetration. Therefore, the

capacity of additional resources needed under the high load scenario do not need to match the 116 MW

increase observed between the Reference Case and the high load scenario in order to maintain an adequate

reserve margin. Between 36 MW and 72MW of additional capacity was determined to be sufficient. The high

load scenario utilizes RICE resources to fill this additional capacity need. Adjustments to the 2017 Reference

Case Plan to meet the high load scenario are presented on Figure 39.
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Low Load Scenario
The low load growth scenario assumes that there is no new mining expansions within the planning period,
which results in a decrease in peak demand, and load, of approximately 80 MW compared with the Reference
Case Plan, beginning in 2022, and extending through the end of the planning period. The timing of this decrease
coincides with RICE and NGCC resource additions in the Reference Case Plan. Therefore, decreasing the amount
of additional capacity is a logical approach for adjusting to this decrease in load. Given the nature of mining
load (approximately 85% load factor), and the fact that the RlCEs are intended to support increases in
renewable energy resources, the low load scenario reduces the amount of additional NGCC capacity needed in
2022. Adjustments to the 2017 Reference Case Plan to meet the low load scenario are presented on Figure 40.
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CHAPTER 13r
ALTERNATIVE PORTFOLIOS

The following sections present a description and the results of alternative portfolios analyzed as part of this

IP. The list of portfolios analyzed is presented below.

>

>

>

>

Energy Storage Case Plan

Small Nuclear Reactors Case Plan (combined with Full Coal Retirement)

Expanded Energy Efficiency Case Plan

High Solar Case Plan (substituted for the Expanded Renewables Case Plan]

l

l
i

This list of alternative portfolios varies slightly from the list presented in the March 2016 Preliminary

Integrated Resource Plan. High load and low load growth scenarios were analyzed in the context of the

Reference Case Plan in Chapter 12, where adjustments were made to the portfolio to account for those differing

load assumptions. The Full Coal Retirement Case Plan was combined with the Small Nuclear Reactor Case plan

based on the view that coal and nuclear resources provide the same service (fully dispatchable load serving

resources), and as a means of maintaining some resource diversity in the absence of coalfired generation. A

Market-Based Reference Case Plan was not analyzed because under the Reference Case Plan, TEP has capacity

in excess of the 15% reserve margin in all years beyond the five years where market purchases can be included

in the portfolio. The Expanded Renewables Case Plan was substituted with a High Solar Case Plan as the

Reference Case Plan portfolio already had high renewable energy assumptions. The High Solar Case Plan allows

for analyzing the effects of lover diversity in the renewable energy mix.

I
P

|

f
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(M trview al the liiiwgr Storage Porn olio
In the Expanded Energy Storage Portfolio, the 100 MW x 100 MWh ESS implemented in 2031 in the Reference
Case Plan is replaced with a pair of"bulk energy" storage systems implemented in 2022 and 2025. Each bulk
system is assumed to be 100 MW x 400 Mwh. Unlike the ESSs included in the Reference Case Plan, which are
intended to provide ancillary services, the bulk ESSs are intended to provide both ancillary and energy services,
such as capacity levelization of thermal-based electricity generation, and following of load.

Bulk storage systems can also reduce operating costs by storing energy when it is relatively inexpensive to
generate and releasing it when it would otherwise be most expensive to generate and such arbitrage
opportunities are expected to become more common in the Southwest as the increased use of renewable energy
creates greater intraday wholesale electricity price variations.

The first bulk ESS in this portfolio is assumed to be operating by 2022. This coincides with the expected timing
of greater arbitrage opportunities and the full retirement of the San loan Generating Station, which would have
the effect of reducing emissions associated with recharging the ESS. This ESS would also obviate the need for
the five RICEs assumed to come on line in 2022 in the Reference Case Plan which are therefore removed from
the Energy Storage Portfolio.

The second bulk ESS is assumed to be operating by 2025, which coincides with the highest year of assumed
renewable energy expansion after 2019. Implementing this second ESS in 2025, as opposed to implementing
both in 2022, also provides more time for ESSa to improve in terms of performance and costs. In fact, analyses
by Lazard and DNV GL suggest that by 2025 the cost of lithiumion bulk ESSs will be approximately the same as
pumped hydro energy storage, which may also be an energy storage option around that time. Finally a 2025
implementation date would allow three combustion turbines at North Loop and two at Sundt to retire three
years earlier than planned in the Reference Case Plan.

Both bulk ESSs in this portfolio are modeled as lithiumion battery technology, partly because of their rapidly
declining costs and partly because of the greater flexibility they provide over more traditional forms of energy
storage in terms of modularity, scaling, siring, and multiple uses - e.g. energy services ancillary services, and
transmission and distribution cost deferral. However, the results of the analysis would likely hold for other
forms of energy storage such as pumped hydro. Expanded Energy Storage Portfolio adjustments to the
Reference Case Plan are presented on Figure 41.
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Ref crcllu Case PlanFi;1u|e 41 Storxrgt \djlrsln\¢| \ts In theIi no vsExpo nclcd
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Overview of the SMR Full Coal Retirement Portfolio
In Decision No. 75068, as a result of the 2014 lip, the ACC requested that loadserving entities study a scenario

that includes the addition of SMRs. As ordered by the ACC in the 2012 lip TEP generated a scenario called

"Full Coal Retirement Case". This case was studied in the 2014 liP in anticipation of potential alternative

outcomes resulting from EPA Regional Haze mandates. The Clean Power Plan further instigated a review of

expanded coal retirements.

As TEP was analyzing and designing each of these scenarios, it was evident that any scenario involving SMR

would assume a replacement of base-load generation. The full coal requirement would need baseload type

replacement; it only made sense to merge these two scenarios.

SnnNlNLuiearReaclors-l4NlCoalR0th1wnentCase

Small Nuclear Reactors are a technology that can be utilized to lower CO2 emissions, as well as other pollutants,

while providing reliable, sustained and efficient power output. in this case, TEP studied the impact of SMRs as a

resource to supplant retiring base load coal assets. This case was designed to fully meet the EE standards as

well as exceed the renewable standard with the TEP 30% target as described throughout this document. The

assumptions in the Reference Case Plan remain, except for the changes illustrated in Figure 42 below. In

addition to the coal unit closures presented in the Reference Case Plan, the following closures were also

assumed: Springerville Unit 1 in 2025, and Four Corners Units 4845 in 2028. Replacement capacity is also

shown in the figure below- an additional 200 MW of RICE and 105 MW ofNGCC is needed in 2026. The storage

project assumed for 2031 in the Reference Case Plan, was advanced to 2028 in this scenario. The lead time for a

nuclear project is over 10 years, this scenario assumes a commission date for 500 MWs of SMR in 2029.

SMR & (io.1l Rclircinviil (:.1 sc l{1soil1u incline for Existing RusuiiiusFigure 42
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Overview of Expanded Fnergy Efficiency
For purposes of this portfolio, it is assumed that TEP realizes additional EE in the time period from 2021
through the 2032. The higher levels of EE assumed under this portfolio are based onthe "high achievable
potential"estimated by EPRI'5. In comparison with the"achievable potential"assumed in the Reference Case
Plan, in which market constraints include both market acceptance factors as well as program implementation
factors, the "high achievable potential" excludes program implementation factors.

Higher levels of energy savings will necessitate greater investment in DSM program activities. However, it is

difficult to estimate the amount of additional DSM investment needed to attain a particular energy savings goal.

Therefore, for this portfolio, TEP estimated no annual incremental DSM program cost escalation. in other

words, the 15'year $/Mwh cost is the same in the Expanded Energy Efficiency Case as it is in the Reference Case

Plan. This likely underestimates that cost of achieving the savings assumed in the Expanded Energy Efficiency

Case.

Under this portfolio, the total energy savings realized by the Company in 2032 is 2,140 Gwh, compared with
1,894 GWh in the reference case (see Chart 62). Total DSM program investment for the period from 2021
through 2032 under the Expanded Energy Efficiency portfolio was $584M compared with $365M in the
reference case. Combining system fuel savings with additional program expenses, the Expanded Energy
Efficiency portfolio was $35M net present value more expensive than the Reference Case Plan over the planning
period. However, for programs in the latter part of the planning period, energy savings extending beyond the
planning period are not captured in the net present value calculation.

i
1

l

The additional energy savings in this portfolio also provides a slight capacity benefit, as the average reserve

margin form 2025 to 2030 is 19.6% compared with 18.4% in the reference case. However, for purposes of this

portfolio, no deferrals in additional capacity or earlier retirement of existing capacity were deemed

appropriate. Much of the excess reserve margin is associated with a ramp up in renewable energy starting in

2023, in combination with firm resources needed to balance the intermittency of that renewable energy.
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Due to the uncertainty in estimating the DSM program investment needed to achieve the energy savings

projected in the Expanded Energy Efficiency portfolio, it may be informative to divide the fuel savings resulting

from the expanded energy savings (based on EPRl's "high achievable potential"] by the total incremental energy

savings, without considering any incremental DSM program costs. This provides a "target" investment for

additional DSM programs as presented in Table 22 below.

Table "2 Target Investment for All(liliuiial Energy Savings

$30,950,000Incremental NPV Fuel Savings

1,286 GWhIncremental Energy Savings

$24.07/MWhTarget Investment (2017$)

As stated previously TEP does not anticipate that DR will be an economically feasible option for shortterm
capacity prior to 2022 and beyond that time, TEP does not project a significant need for short-term capacity.
Therefore TEP did not incorporate expanded DR programs into this portfolio. TEP intends to shift toward
designing DLC programs that are capable of cost-effectively addressing periods of significant ramping,
anticipated with high penetration of renewable resources, and will evaluate higher levels of DR in future liP
planning cycles.
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Overview of the Expanded Renewable lhwtlolio
The Reference Case Plan implements a diversified renewable portfolio that targets serving 30% of TEP's retail

load by 2030. The renewable portfolio under the Reference Case Plan is comprised of 60% solar resources and

40% wind resources. In comparison, the Expanded Renewable plan examines the longterm cost impacts of a

heavy solar portfolio. Even though solar projects are projected to be less expensive and the solar output has a

greater coincidence with TEP'ssystem peak (particularly single axis tracking), the heavy solar portfolio results

in higher 10minute ramping requirements. In comparison with the Reference Case Plan, the Expanded

Renewable portfolio requires additional 100 MW of fast start reciprocating engines in 2026. The Expanded

Renewable portfolio with a high concentration of solar resources is shown in Figure 43 below.
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Chart 63 shows how the 10-minute ramping requirements under the Expanded Renewable portfolio with a high

concentration of solar resources increases beyond the 10minute ramping requirements in the Reference Case

Plan. Chart 64 shows the 10minute ramping requirements for the Reference Case Plan.

Chart 63 - Expanded Renewable Portfolio I()Minute Ramping Rcquirt.-nunts
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Overview ii Major III' Assumptions lu Portfolio
Table 23 below summaries the major assumptions and environmental upgrades that are included in each case.

Table "3 - Major I'll' .\ssuli\jiliun\ In <:ase

ReferenceMajor Assumptions
SMR . Coal

Ret irement

Expanded

Renewables

Expanded

Energy Effic iency

Expanded

Storage

Energy Efficiency

Same as

Reference Case

Plan

Same as

Reference Case

Plan

Same as

Reference Case

Plan

Same as Reference

Case Plan. From

2021 on EE

Programs based on

EPRIs estimate of

"High Achievable"

Savings

Fully compliant with the

Arizona EE Standard

(22% by 2020). From

2021 on EE Programs

based on EpRls

estimate of "Achievable"

Savings.

Targets 30% by

2030

Renewable Energy
Same as Reference

Case Plan

Same as

Reference Case

Plan

Same as

Reference Case

Plan

Sourced from

90% Solar &

10% Wind

Targets Sewing 30% of

Retail Load from both

Utility Scale Renewables

and DG by 2030.

60% Solar & 40% Wind

(utility scale)

Storage Resources
Same as Reference

Case Plan

Same as

Reference Case

Plan

Same as

Reference Case

Plan

220 MW

205 MWh

InService by 2031

320 MW

905 MWh

InService by

2025

Coal Capacity

Reductions

Same as Reference

Case Plan

36% by 2022

56% by 2032

63% by 2026

100%by2032

Same as

Reference Case

Plan

Same as

Reference Case

Plan

Reference Case plan
Expanded

Renewables

Production Changes

2017 versus 2032

SMR Coal

Ret irement

Expanded

Energy Effic iency

Expanded

Storage

17% 17%Water Consumption

COZ Emissions

40%

17%

40%

17%

17%

22%

40%

17%

17%

21%

40%

17%

33%

75%

90%

100%

+136%+91% +91% +78% 484%

S02 Emissions

Natural Gas

Consumption

Reference Case
SMR . Coal

Ret irement

Expanded

Renewables

CapEd

(Nominal Smillions)

Expanded

Storage

Expanded

Energy Effic iency

$1031 S993

$480

$1164

$641

$993

S480

$993

3892

CapEx 20172024

CapEd 20252032 l

l$4,ass

S851

$1,882 $1,473Total CapEx
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Summary of NPV Revenue Requirements by Scenario
Chart 65 below summarizes the net present value revenue requirements (NPVRR] for each of the PACE Global

scenarios modeled in the 2017 lip. The Reference Case Plan results in the lowest cost portfolio under the Base

Case and the High Economy scenarios whereas the Expanded Renewable Case is the lowest cost portfolio under

the High Technology scenario because capital costs for solar technologies decline at a faster rate than that of

wind.
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Summary or NPV Revenue Requirements - Base Case Scenario
Table 24 below summaries the NPVRR for each portfolio under the Base Case scenario.

I Table 24 - new Rim LllllL RuqilI1mII14.iils Base (luxe Sul14iiio

lReferenceNon Fuel Revenue Requirements $000
SMR Coal

Ret irement

Expanded

Renewable

Expanded

Storage

High Energy

Effic iency

$4061825

$3905335

$593,721

$454732

$79736

$9,095,349

$4061825

$3909337

$758243

$140203

$176658

$9046,266

$4061825

$3909337

$695575

$140203

$79736

$8,886,676

$4,061,825

$3732095

$1707209

$149131

$79736

$9,729996

$4061825

$3909337

$695,575

$140203

$79736

$8886,676

Existing T&D Resources

Existing Generation Resources

New Generation Resources

Storage Resources

New Renewable Resources

Total NonFuel Revenue Requirements

5237009

$9,123,685

$237009

$9,967,005

$237009

$9283275

$237009

$9332358

$237009

$9,123685

Existing Transmission Expenses

Total NonFuel Revenue Requirements

ReferenceFuel & Purchase Power, $000
SMR Coa l

Ret irement

Expanded

Renewable

High Energy

Effic iency

Expanded

Storage

Total PPFAC Costs $4102386$3955869 $4170264$4133336 54074618

ReferenceEnergy Effic iency and Renewables $000
Expanded

Renewable

SMR . Coal

Ret irement

High Energy

Effic iency

Expanded

Storage

$285450

$39803

$325,253

$351404

$39665

$391,069

$285450

$39532

$324,982

$285450

$39560

$325,010

$285450

$39714

$325,164

Energy Efficiency

Demand Response

Total Energy Efficiency

Total Renewables $400139$400139$400139 $451998 $400,139

$725,392$776,980$725,303 $791,208$725,149Total Energy Effic iency and Renewables

$14,862,661$13,982,324 $14,017,219$14,016,124Total System Revenue Requirements

NW Difference from Rdbnenoe Case Plan $sso,336s149,soo_
I

I

I
z
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Summary at NPV Revenue Requirements - High lironoiny Scenario
Table 25 below summaries the NPVRR for each portfolio under the High Economy scenario.

r
J Iligll ff coiimiu Sui\ari0Table " \P\ Revenue Rcq1iiivimlits

ReferenceNon Fuel Revenue Requirements, $000
Expanded

Renewable

SMR Coa l

Ret irement

Expanded

Storage

High Energy

Effic iency

$4061825

53909337

$753202

$144302

$94246

$8,962912

$4061825

$3905335

$648,331

$481654

$94246

s9,191,391

$4061825

$3,909,337

$818773

$144302

$204728

$9,138965

$4061825

$3732,095

$1766772

$151,944

$94246

$9,806,882

Existing T&D Resources

Existing Generation Resources

New Generation Resources

Storage Resources

New Renewable Resources

Total NonFuel Revenue Requirements

$4061825

$3,909337

$753202

$144302

$94246

$8,962,912

$237,009

$9,199921

$237009

$10,043,891

$237009

$9,375,974

$237009

$9,199,921

$237009

$9428400

Existing Transmission Expenses

Total NonFuel Revenue Requirements

ReferenceFuel & Purchase Power $000
SMR . Coal

Ret irement

Expanded

Renewable

High Energy

Effic iency

Expanded

Storage

Total PPFAC Costs $4677093 $4,563,367 $4457,733 $4635803 $4840,984

ReferenceEnergy Effic iency and Renewables $000
Expanded

Renewable

SMR Coa l

Ret irement

Expanded

Storage

High Energy

Effic iency

Energy Efficiency $285450

$40167

$325,617

$351404

$40 100

$391504

$285450

$39904

$325354

$285450

$39969

$325419

Demand Response

Total Energy Efficiency

5285450

$40305

$325755

Total Renewables $382211$299,841 $299841$299841$299841

$707565$625458 $691345 $625,596Total Energy Effic iency and Renewables

$14,521,069Total System Revenue Requirements

NW Dlflennce from Reference Case Plan $114,555 $1,007,999$38.800_
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Summary of NPV Revenue Requirements - High Technology Scenario
Table 26 below summaries the NPVRR for each portfolio under the High Technology scenario.

llihlc '(~ ' \ l ' \ R¢.vc1\uL Rcqiiircnicnts - |1 i;;h lecl1 nolugy Sn Liiiirin

ReferenceNon Fuel Revenue Requirements $000
Expanded

Renewable

SMR Coal

Ret irement

High Energy

Effic iency

Expanded

Storage

$4061825

$3909337

$622882

$129934

$62402

58,786,380

$4061825

$3732095

$1620599

$145764

$62402

$9,622,685

$4061825

$3909337

$681195

5129934

$104930

$8,887,221

$4061825

$3905335

5525553

$380104

$62402

$8935219

$4061825

$3909337

$622,882

$129934

$62402

$8,786,380

Existing T&D Resources

Existing Generation Resources

New Generation Resources

Storage Resources

New Renewable Resources

Total NonFuel Revenue Requirements

$237009

$9,859,694

$237009

$9,023,389

$237009

$9,124,230

$237009

$9,023389

$237009

$9172228

Existing Transmission Expenses

Total NonFuel Revenue Requirements

ReferenceFuel & Purchase Power $000
SMR Coa l

Ret irement

Expanded

Renewable

Expanded

Storage

High Energy

Effic iency

Total PPFAC Costs $3,453215$3464140 $3449172$3344143 $3411727

ReferenceEnergy Effic iency and Renewables, $0oo
SMR Coa l

Ret irement

Expanded

Renewable

Expanded

Storage

High Energy

Effic iency

$351404

$39255

$390659

$285450

$39314

$324,764

$285450

$39186

$324,636

$285450

$39199

$324,649

$285450

$39282

$324,732

Energy Efficiency

Demand Response

Total Energy Efficiency

Total Renewables $525799$525799 $525798$538852 $525,799

$850448 $916457 $850563$850,531 $863,488Total Energy Effic iency and Renewables

$13,389,018$13,475,891 $14,121,984$13,338,060Total System Revenue Requirements

NW Dlflennee from Reference Case Plan

I
I
i
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Distribution ofNPV Revenue Requirements by Pol.tfolio
The degree to which each portfolio is able to adequately meet future load serving requirements at a reasonable

cost is measured by examining the distribution of its NPVRR outcomes for each portfolio across multiple

stochastic iterations. The performance of each portfolio is summarized in the following charts. Chart 66 shows

each histogram comparing the frequency of outcomes for each of the candidate portfolios. All histograms are

represented on the same scale. Portfolios showing a large number of outcomes (higher bars) on the right side

of the graph represent high cost options relative to the others resource portfolios. Higher risk is reflected by

lower bars spread over more tranches.

(ilinrt 66 - Distribution of \P\RR by l'oltlnlio
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Distribution of N PV Revenue Requirements by Portfolio
Chart 67 below shows the distribution of NPVRR on the same chart.

Chart 67 - Aggrcgiited NPVRR by Porllolio
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NPVRR Mean and Worst Case Risk
Chart 68 summarizes each portfolio with respect to both the expected average NPVRR and the "worst case"

outcome risk as represented by the gsxh percentile of its NPVRR outcomes. Values lower on the graph and

farther to the left, represent lower risk and lower cost portfolios.

(:Ii;irff 68...Summary of NPVRR Mean Ami Risk
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CHAPTER 14

FIVE-YEAR ACTION PLAN

The 2017 Reference Case Plan was chosen as the preferred portfolio plan based on current forecasts and
assumptions. TEP has developed a five year action plan based on the resource decisions that are contemplated
in this RP. Under this action plan, additional detailed study work will be conducted to validate all technical and
financial assumptions prior to any final implementation decisions. TEP'saction plan includes the following:

> TEP plans to continue with its communityscale build out of renewable energy to achieve a diverse
portfolio that targets 30% of retail load from renewable generation by 2030. As a result, over the next
five years, TEP is targeting the addition of 100 MW of utility-scale wind and 100 MW of utility-scale
solar resources.

>

l
I
I

As part ofTEns portfolio diversification strategy, the Company is reducing its coal resource capacity by

508 MW over the next five years, which represents 36% of our current coal capacity. These planned

coal retirements will enable TEP to take advantage of near-term opportunities to reduce costs and

rebalance its resource portfolio over the longerterm. This reduction in coal resources will result in

significant costs saving46 for TEP customers and will result in meaningful reductions in air emissions

and water consumption".

> in order to accommodate increased renewable energy resources, and to allow for the retirement of
older gas steam units at the Sundt Generating Station, TEP plans to move forward with a generating
resource modernization plan at Sundt over the next few years. As part of this current resource
planning cycle, TEP conducted a Flexible Generation Technology Assessments** with Burns & McDonnell
in 2017. The results of this study indicate that RICE technology is the preferred technology that will
provide capacity and assist in mitigating renewable energy intermittency and variability. TEP plans to
move forward with issuing a Request for Proposal for these fastresponding resources that will meet
the 2020 and 2022 timeline.

> TEP will continue to implement cost-effective EE programs based on the Arizona EE Standard. TEP will
closely monitor its EE program implementations and adjust its nearterm capacity plans accordingly.
TEP will continue to monitor closely and implement DR programs that are mutually beneficial to the
Company and its customers.

> TEP is optimistic about the potential of energy storage systems as a technology and as an economically

viable solution to provide peak capacity and renewable intermittency mitigation. The Reference Case

*° As part of the 2014 IRP analysis TEP avoided approximately $165 in pollution controls with its commitment to retire San loan Unit 2 at
the end of 2017. In the 2017IP analysis, TEPs customers will realize an additional net present value savings of approximately $179
million related to the retirement ofTEns ownership interest in Navajo at the end of 2019 and the retirement ofTEns ownership interest in
San Juan Unit 1 at the end of lune 2022.
47 The retirement of both Navajo and San Juan Units 1 and 2 results in reductions in TEPs total system emissions of 15.8% for carbon
dioxide (COz) 29.8% for nitrous oxides (NOx) and 9.8% for sulfur dioxide [SOn]. In addition the retirement of the Navajo and San Juan
units show water consumption is reduced by approximately 2599 acre feet per year. an overall savings of 16.18%.
is See the 2017 Flexible Generation Technology Assessment in Appendix B.
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Plan includes the addition of a 50 MW battery project for 2019 and another 50 MWs for 2021. TEP will
continue to monitor the advance of ESS and may opt to issue a RFP in the near future.

> TEP's 2017 Reference Case Plan recommends the addition of 413 MW of natural gas combined cycle
capacity in 2022. As part of its nearterm portfolio strategy, TEP will continue to utilize the wholesale
market for the purchase of shortterm market based capacity products. In addition, TEP will continue
to monitor the wholesale market for other resource alternatives such longterm PPAs and nearterm
low cost plant acquisitions. TEP will also monitor and adjust its natural gas hedging requirements as it
reduces its reliance on coal based generation in favor of natural gas resources. Recommendations will
be made on potential fuel hedging changes if they become necessary.

> TEP and other Arizona utilities continue to evaluate the potential benefits finground natural gas

storage. Local storage would improve the ability of natural gas generation units to respond to changing

loads as well as the intermittency caused by renewable resource. Due to the distance of Arizona's

largest load pockets of Phoenix and Tucson from the San ]Ian and Permian natural gas production

basins, local natural gas storage (if available and constructed) would be able to more quickly supply

natural gas during shortfalls and store excess natural gas during periods when the natural gas

mainlines experienced operational limitations.

As with any planning analysis, the 2017 IP represents a snapshot in time based on known and reasonable
planning assumptions. It is important to note that eventual closure of San loan and Navajo Generating Stations
is given a high probability to occur. Even after the 2017 liP filing date, TEP anticipates that the plant
participants will continue to work through the complex issues surrounding plant operating agreements, fuel
contracts land leases, economic analysis and environmental impact reviews before the final resource decisions
are made. Given the confidential nature of these decisions, TEP plans to communicate any major change in its
anticipated resource plan with the ACC as part of its ongoing planning activities. TEP hopes this dialog will
engage the Commission on important resource planning issues while providing TEP with greater regulatory
certainty with regards to future resource decisions. TEP requests that the Commission approve its 2017
Integrated Resource Plan as provided in A.A.C. R142704.B. and the associated actions herein.

/Figure 44 I ljPs "(ll uRl' l{eleicliLL (;is( l'lan - Milestone Timeline
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APPENDIX A

PACE GLOBAL FUTURE STATES OF THE WORLD
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INTRODUCTION

Pace Globals future states of the world are characterized by three discrete scenarios with varying economic
drivers that represent three separate forecasts of forward market conditions. Pace Global identified three
market scenarios that were most relevant for Tucson Electric Power's ("TEP") 2017 Integrated Resource
Planning assumptions and developed deterministic market inputs for each scenario. These forecasts were
developed utilizing Pace Globals fundamental supply 8\ demand models* which derive long-term natural
gas and forward wholesale power prices.

Exhibit 1: Pace Global's Fundamental Supply and Demand Models
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Pace Globals analysis was performed under three states of the world intended to capture a range of
potential outcomes in order to test various resource portfolios against uncertain market conditions. These
scenarios are defined as:

1. Base Case Scenario

2. High Technology Scenario

3. High Economy Scenario

The Base Case Scenario features existing regulations, gradually rising mid-term gas prices (in real terms),
continuing technological growth, low load growth and generally moderate market outcomes. Power market
participants are able to adapt and adjust in a timely manner to changing market forces.

The High Technology Scenario is characterized by significant advances in energy storage technology,
renewable energy deployment emissions reduction and CO2 removal technology, high efficiency natural
gas-fired generation and also natural gas extraction productivity improvements. These conditions tend to

'  P a c e  G l o b a l  u t i l i z e s  A u r o r a X M P  a n d  th e  G a s  P i p e l i n e  C o m p e ti t i o n  M o d e l  l " G p c M " )  to  d e v e l o p  i ts  l o n g  te r m  n a tu r a l  g a s  a n d  e n e r g y  p r i c e s .
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subdue fuel prices, power prices and capital costs, and put pressure on coal plant economics, resulting in
additional retirements. However, there are also significant developments in technologies that improve
energy efficiency, which helps to mitigate load growth that might otherwise be expected in a "high
technology" scenario with robust economic growth.

accelerating the number of capacity additions. while this scenario shares

The High Economy Scenario is characterized by a robust and growing U.S. economy that keeps upward
pressure on all of the major market outcome categories, including load growth, fuel costs, power prices,
and capital costs. This growth is in the absence of a major technological breakthrough. Existing generation
resources are needed to maintain this economic expansion, limiting the number of retirements while

many of the attributes of the
previous High Technology" scenario the pace of technological innovation is not as dynamic and therefore
beneficial to keeping prices and costs in check.

Under the High Technology and High Economy Scenarios, key market indices such as fuel prices, emission
prices, and retirements move in opposite directions relative to the base case, thereby providing the range
of outcomes desired for portfolio modeling.

Pace Global provided TEP with the initial input variables for the scenarios, which were then refined to reflect
TEP's market view on potential outcomes and to simulate a similar divergence of outcomes in other market
indices such as load growth and capital costs. The base line capital cost for certain technologies was
adjusted as part of this review. The following report provides a summary of the market forces affecting the
key input assumptions (fuel prices, load growth, emission prices, and capital costs) and the corresponding
long-term outlook under each scenario.

Pace Global LLCProprietary 8- Confidential Page 4
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Exhibit 2: Pace Global Scenarios with Indicative Market Movements

TEP is seeking to develop a reference case and alternative world view scenarios for its Integrated Resource
Plan (IP) process. To assist in this effort, Pace Global has proposed a Base Case a High Economy Case
and a High Technology Case states of the world. The High Economy scenario is characterized by a robust
and growing U.S. economy that keeps upward pressure on all of the major market outcome categories,
including load growth fuel costs, power prices, and capital costs. This growth is in the absence of a major
technological breakthrough. The High Technology case represents a state of the world where the rate of
technology progress in renewable, storage, energy efficiency and power system control technologies
substantially exceed current expectations. The High Technology state of the world reflects a consistent and
plausible narrative of the impact of faster technology progress on the overall power system environment.
These scenarios are shown as indicative market movements by time frame in Exhibit 1. These proposed
scenarios are described in narrative form herein, taking into account feedback loops and evolving market
drivers over different time horizons.

The table below represents trends for each variable in the Base Case Scenario" and the directional shift
in trend relative to the base case outlook in and M" under the "High Economy Scenario" and the
"High Technology Scenario". The "L" symbol represents a decline or a reduction in trend compared to the
base case projection, whereas the "H" symbol represents an increase or a rise relative to the base case
projection for the corresponding period. Finally, the "M" symbol represents identical movement to the base
case or a convergence to the base case for the specific period if the previous trend has caused the variable
to go above or below the base case.

Key Planning

Drivers

Base Case Scenario

Base Case Natural Gas Pricing

High Technology Scenario

Low Natural Gas Pricing

High Economy Scenario

High Natural Gas Pricingl
Short-

PlanningHorizon
Mid-
Term

Long-
TermTerm

Short-
Term

Long
Term

Mld-
Term

Short-
Term

Mid-
Term

Long-
Term

Natural Gas Prices L L

Coal Pric es L L i
i

Load Growth Ll# L u

H L LCO; Compliance Prices

Wholesale Power Prices L L

L LCapital Costs

Coal Plant Retirements L

Resource Additions

Upward
Trend

Upward
Trend
Level
Trend

Upward
Trend

Upward
Trend

Upward
Trend *
Upward
Trend

Upward
Trend

Level
Trend

Upward
Trend

Upward
Trend

U pea rd
Trend
Level
Trend

U award
Trend *
u award
Trend

U pea rd
Trend

Notes

All scenarios are similar to the Base Case (B) in the short-term. then move low (L). high (H). or moderate (M) relative

10 the base case.

Planning Horizon: ShortTerm L 20162018 M idT e rm= 20192025. LongTerm= 20262040

*Certain renewable technologies are on a downward capital cost trend as the technologies continue to mature

"Slight ly  lower
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Natural Gas - Base Case Scenario
Pace Globals Base Case Scenario represents a rise in Henry Hub gas prices in the medium term followed
by a flattening price in the long term. The upward trend in gas price is characterized by a ramp-up in liquefied
natural gas ("LNG") demand from 2017-2021, which puts upward price pressure on the Henry Hub.
However the market is poised to resume growth in early 2017, which will allow supplies to match the
demand growth. Its important to note that much of the production growth in the Marcellus is distant from
where much of the consumption growth will be on the Gulf Coast. But despite added transportation costs,
Marcellus shale gas will be competitive with Gulf Coast sources which helps moderate price growth.

Pace Globals short- to medium-term expectation for Southern California ("SoCal") Border basis (SoCal
Border minus Henry Hub) is that basis prices will increase rapidly to $0.25/MMBtu by 2020 but then maintain
that price level for the duration of the forecast. California remains a constrained market with increasing
competition for West Texas supply from pipeline exports to Mexico and indirectly from LNG exports. Mexico
has finished the tendering process for the two West Texas pipeline projects from Waha Hub into Mexico,
which will account for 2,500 MMcf/d of new export capacity to Mexico by 2018. The source gas for these
pipelines is the same Permian Basin natural gas that supplies much of El Paso Natural Gas and
Transwestern, two pipelines that supply Southern California and the Desert Southwest.

Colorado Interstate Gas ("ClG") Rockies basis is currently negative and will further lower as Marcellus and
Utica gas production resume strong growth in 2018. Rockies gas production has been significantly impacted
by competition from Marcellus/Utica gas, gas from the Bakken and Western Canada regions and gas from
the Midcontinent region. Rockies gas is still important for western markets via Ruby Pipeline and Kern River
Transmission, but the supply currently outweighs demand. CIG Rockies basis will decline from
$0.20/MMBtu to -$0.35/MMBtu in the early 2020's before starting to climb higher reaching zero basis (parity
with Henry Hub) by 2035. Finally, NNG Demarc basis remains negative throughout the forecast, due to
gas-on-gas supply competition from the west (Rockies) east (Marcellus/Utica), south (Mid-Con), and north
(Western Canada), generally moving between -$0.06/MMBtu to $0.16/MMBtu.

in the long-term we continue to see the drilling productivity gains earned over the last five years becoming
integrated into the outlook which is combined with revisions upward of estimated ultimate recovery ("EUR")
of natural gas resources in shale plays like the Utica. Producers like Cabot in the Eagle Ford have reported
shale drilling efficiency gains of 60% from 2011 to 2015 and reductions in cost of 55% during the same five
years. The 55% reduction in costs to drill new wells and bring natural gas to market also helps to lower the
breakeven price point for producers. These gains are now fairly broadly felt across the upstream sector,
helping to keep the Base Case Scenario outlook consistent.

Natural Gas - High Technology Scenario
The main characteristic of the High Technology Scenario is that in the 20202022 timeframe a technology
breakthrough occurs in the renewables market and the storage market, such that the cost for renewables
declines dramatically, which in turn encourages a faster shift to renewables from fossil fuels. This
breakthrough results in an incremental reduction in natural gas demand, in the latter half of the medium-
term, as compared to the Base Case.

In the long term, fuel costs continue to remain relatively lower than the Base Case. The pace of retirements
and capacity additions continues in the High Technology Scenario, albeit slightly lower than otherwise
would be with lower capital costs (as a result of interest rates that remain high). Most of the retirements
coming from older gas plants (including simple-cycle peaking units) while most of the additions coming from
residential and commercial solar, wind, combined heat and power ("CHP"), and natural gas combined-cycle
(NGCC") facilities. There are fewer feedback mechanisms at play in this scenario, as the technology
improvements over time help to maintain low fuel and capital costs and keep the energy sector on a steady
path of moderate growth.

Pace Global LLCPage 6Proprietary & Confidential
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Natural Gas - High Economy Scenario
For the High Economy Scenario while the short-term outlook in this scenario begins with many positive
indicators that continue into the medium-term, the expansion of the economy becomes a partial victim of
its own success. In other words, the strong economic growth in the U.S. market helps to push energy sales
higher, which in turn pushes underlying fuel costs higher.

In the long-term, global economic activity begins to increase as developing markets such as India move to
the forefront and drive growth. This global growth begins to apply upward pressure to global LNG and coal
costs as well as commodity costs for materials.

Exhibit 3: Henry Hub Natural Gas Price Outlook

Henry Hub Natural Gas Prices (Nominal)
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Coal - Base Case Scenario
Pace Globalls long-term fundamental coal basin forecasts are shown below. In the Base Case Scenario
commodity markets recover in the medium-term as the overall economy continues to improve pushing up
material costs and consequently capital costs. Through the years after the CPP goes into effect in 2022
coal plant retirements will continue to be driven by plant-specific going-forward economics. Meanwhile
capacity additions largely come from NGCC, solar, and wind facilities.

Coal - High Technology Scenario
In the High Technology Scenario, coal plant retirements continue at a relatively high rate. Whereas
previously these retirements were driven primarily by competition with existing coal and natural gas-fired
generation, they are increasingly being replaced by renewables and high efficiency NGCC plants.
Accordingly, the high rate of retirements and capacity additions/replacements drive coal prices downward
in the medium and long-term due to lower demand.

C o a l  -  H i g h  E c o n o m y  S c e n a r i o

In the High Economy Scenario because technology does not necessarily play as large a role in this
scenario existing technology continues to remain very important to maintaining the high rate of load growth .
In this scenario, very few coal, gas, or other plants are retired for economic or regulatory reasons, while
new plants are added on a relatively consistent basis. Accordingly, Pace Global projects higher coal prices
in the medium and long term driven by higher demand.

Exhibit 4: Powder River Basin ("PRB") and Arizona New Mexico Coal Price Outlook

PRB Coal Basin Price
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TEP Weighted Average Coal Prices
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Load Growth - base Case Scenario

I

i
a
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The Base Case Scenario is characterized by reasonable and balanced levels of growth and drivers that
lead to moderate market outcomes. Power market participants are able to adapt and adjust in a timely
manner to changing market forces. In the medium-term, demand-side management and energy efficiency
mostly offset the theoretical growth in energy sales from a growing customer base. However, overall load
growth continues to occur at a moderate pace, driven by the growing economy. To 2035, the suite of
market outcomes and drivers in this Base Case scenario settle into a pattern of moderate growth based
on a well-balanced market. Energy demand grows as electric vehicle sales take hold but are offset by
continued gains in distributed generation and energy efficiency measures.

Load Growth - High Technology Scenario

l

I
n
In In the High Technology Scenario, there are significant developments in technologies that improve energy

efficiency, which helps to mitigate the load growth that might otherwise be expected in a High Technology
scenario with robust economic growth. Consequently Pace Global projects an increase in direct load
control programs in medium and long term under the High Technology case.

Load Growth - High Economy Scenario
On the other hand Pace Global assumes higher load in the High Economy Scenario. Energy sales
growth remains strong, as do capacity additions but tighter global markets put upward pressure on
several of the other market outcomes. As a result, the long-term outlook in the High Economy Scenario
begins to push toward an era of high prices, high costs high capacity additions, and high load growth.

Pace Global LLCPage 10Proprietary & Confidential
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Exhibit 5: Arizona Average and Peak Demand Forecast

Arizona Average Annual Demand (MW)

3
E,
9:
e t

Ev
Q
'Eu:c:
<

15,000

12,500

10,000

7,500

5,000

2,500

0
s o N o f m o 1-4 N m v m w r~ 00 m o -1 r~4 m Q h e
FT p p H F l N N N N N N N N N N i n m m m cm m
o o o o o o o o o o O O o o o o o o o o
N N N N N N N N N N N N N N N N N N N N

- Base  Case High Technology High Economy

Arizona Peak Demand (MW)
30,000

,_ 25,000
3
E 20000
u:
N

EU
Q
x
u0a.

1s,ooo

1o,ooo

5,000

0
m  R of as o Fl N fn Q he  w  r \ 00 m o FI  N m <r m
-1 1-4 14 1-1 N N N N N N  N N  N N m m  m  m m  mo o o o  o o o o o o  o  o o o o o  o  o o  o
N  N N N  N N N N N N  N N  N N N N  N  N N  N

Base Case High Technology High Economy

Source: Pace Global.

i

F
l

l

Pace Global LLC
i

I

I

Page 11Proprietary & Confidential



9 rest.
COZ Emission Prices - Base Case Scenario

Pace Global reviewed the baseline federal COZ price outlook based on detailed analysis of the Clean Power
Plan ("CPP") under currently expected market conditions and our interpretation of EPA's draft rules
regarding state compliance approaches. Outlined below are factors we believe could potentially drive price
deviations under the Base Case Scenario, provided all other assumptions remain constant.

Exhibit 6: CO; Emission Price Outlook

National COZ Emission Prices (S/Ton)
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Source: Pace Global.

Changes to the timing, state goals, and structure of the CPP that may result from the ongoing legal
challenges to the rule certainly impact the timing and level of pricing. Even if the rule is upheld by
the courts in its entirety, the timing of the rule is likely to be delayed by a year or more in line with
the full duration of the stay.
The potential for states to either 1) adopt a rate-based goal or 2) adopt a mass based goal but not
opt into the federal allowance trading program can have significant impacts on the available supply
of the allowances to other states. This in turn would result in higher reduction requirements at higher
overall costs in the remaining states that opt into the federal allowance trading program.
If EPA relaxes its position on leakage, it could result in COZ emission prices lower than those shown
above.

If gas prices are considerably above our current forecast, which could occur with greater LNG exports,
rising shale costs, or regulations impacting the cost of extraction, carbon prices could be considerably
higher than shown.

COZ Emission Prices - High Technology Scenario
In the High Technology Scenario, COZ emission prices fall short of the base case outlook as sufficient
renewable penetration and technological advancement induce higher carbon-free generation resources,
reducing the value of COZ by about half of what is projected in the Base Case Scenario.

Pace Global LLCProprietary & Confidential Page 12
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COZ Emission Prices - High Economy Scenario
Under the High Economy Scenario, however, the growing economy incentivizes new builds that consume
fossil fuels while maintaining existing thermal units. Under this scenario, Pace Global assumes that the
market will attempt to build more thermal units to maintain reliability requirements. This higher utilization of
thermal resources will put pressure on compliance limits which in turn will increase emission prices.

Pace Global LLCPropnetary & Confidential Page 13
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Capital Costs - Base Case Scenario

In general, technology costs continued to decline in 2016 though rates varied by technology. In the Base
Case Scenario, solar capital costs for utility scale photovoltaic ("PV") plants declined 17.4% from the second
half of 2015 to the same period in 2016. Similarly, prices for utility scale solar single axis tracking ("SAT")
technology which is rapidly becoming the de facto choice because of higher capacity factors, declined
15.4% over the same period. On the other hand capital costs for conventional technologies, typified by
gas-fired combustion turbines and combined cycle power plants remained steady over the previous six
months or so. However, this relatively stable price trend for combustion turbine based technologies masks
a significant underlying market change. For the past 20 years, F class technology and its evolutionary
variants, have been the industry standard for reliable high performance combustion turbine based power
plants. As that technology platform has aged, the major combustion turbine technology providers have
focused on a new class of turbines, the G/G/J class, depending upon the manufacturer. These larger units
offer lower heat rates and greater operating flexibility, so that equipment starts and ramping better aligns
with the influx of renewables. As a result, prices for F class technologies have declined by approximately
10-15%. Further, flat to negative demand growth in many regions coupled with increasingly competitive
renewables technologies, have pressured combustion turbine providers forcing reductions in typical
equipment margins to maintain sales.

Capital Costs - High Technology Scenario
The High Technology Scenario outlook represents a consistent trend as that of the Base Case as we
continue to see a steep decline in capital cost for renewable technology. However we project that the
capital cost for solar technologies fall at a faster pace than that of wind, causing solar to become attractive
sooner than the Base Case forecast. As more renewable builds penetrate the market due to significant
technological advancements capital cost for thermal units decline as turbine providers are squeezed out
of the market.

Capital Costs - High Economy Scenario
Under the High Economy Scenario we see the least decline in capital cost as the continuous rise in the
economy drives higher demand and need for additional capacity.

Pace Global LLCProprietary & Confidential Page 14
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Exhibit 7: Capital Cost Outlook

Base Case
$2,500

1

4$2,000

3 $1,500

E
g $1000
z

.!
I

$500

so
m N W Q O H N M Q Wn m rv m cn m m m mo  o  o  o  o  o  o  o  oN N N N N N N N N

W Ch o v4 f~4 m <t o
H H N N N N N N N
o o o o o o o o o
N N N N N N N N N

\D l \
F i r4
o f
N N

Gas CT Frame

W i nd Ons hore

Solar PV Fixed Tilt (>20 MW)

Gas NGCC . Conventional Wet Cooled

High Technology
s2500

l

i

$2000

3
s $1,500

E
g s1,ooo
z

$500

so
-4 n m < t \ n
m u m : n m
o o o o o
N N N N N

v-i ew m v
N N N N N
o o o o o
N N N N N

~n \ o r \ oo m o
r~4 ¢~4 ¢~4 n m
o o o o o
N N N N N

m
Fl
o
N

7\ ® U5 0
-1 -4 -A n

o o o o
N N N N

-6ascT Frame

Wind Onshore

Solar PV . Fixed Tilt (>20 MW)

Gas NGCC Conventional Wet Cooled

Pace Global LLCPage 15Proprietary & Confidential



9394

High Economy
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Energy Prices - Base Case Scenario
In the Base Case Scenario we observe about 2.8 GW of new generation capacity, mostly solar, being
constructed in the Western Electricity Coordinating Council ("WECC") region in the near term, which keeps
energy prices low for the next few years. However, moderate load growth in the medium term, coupled by
carbon regulations starting in 2022 drive energy prices higher. In the long term, prices remain relatively flat
as energy efficiency and technological improvements partly offset load growth and higher renewable
penetration prevent prices from rising significantly over the longer term .

Energy Prices - High Technology Scenario
In the High Technology Scenario, many of the expected costs that are associated with CPP compliance
are mitigated by advances in natural gas generation, utility scale renewables, distributed generation and
storage technologies. Gas prices on the Gulf Coast push higher in the near-term, given the tighter
supply/demand dynamics with exports and power sector demand. However, these higher gas prices prompt
another wave of improvements in drilling and frocking technology helping to push supply higher and reduce
gas prices back to relatively low levels. This decline in gas prices is coupled with lower gas demand in the
latter half of the medium-term as renewable development begins to expand. Interest rates continue to move
higher which in turns pushes capital costs higher than in the Base Case. In addition renewable generation
plays a much greater role given advances in battery technology gains in photovoltaic costs, and a more
coordinated approach to managing intermittent generation across regional transmission organizations
(RTO) and independent system operators (ISO). Given advances in battery technologies, there is a higher
penetration rate of electric vehicles than in the Base Case. This increases load growth but also allows for
a more efficient management of utility resources, as the growing fleet of vehicle batteries help to manage
peak demand and power price volatility.

Energy Prices - High Economy Scenario
In the High Economy Scenario, energy sales growth remains strong, as do capacity additions, but tighter
global markets put upward pressure on several of the other market drivers. As a result, the medium and
long-term outlook in the High Economy Scenario begins to push toward an era of high power prices, high
fuel costs, high capital costs, and high load growth.
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Exhibit 8: Arizona Wholesale Power Price Outlook
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High Economy
$100.00

$80.00

$60.00

$40.00

.:
3
E
¢`
E
g
z $20.00

$0.00
n m n m m m m
o o o o o o o o o
N N N N N N N N N

u:> r~ oo o» o -4 ~ m <.° w \o
Q-4 -4 1-1 '-4 ¢~4 n n ¢~4 n n n
o o o o o o o o o o o
N N N N N N N N N N N

Off Peak All HoursOn Peak

Source: Pace Global.

Page 19 Pace Global LLCProprietary & Confidential



9959€
- Base CaseCoal Plant Retirements and Resource Additions

Scenario
In the Base Case Scenario we observe about 5 GW of coal retirements as a rise in COZ compliance cost
and higher coal prices relative to natural gas prices make coal generation less economical. Emissions
compliance is the primary driver for announced coal retirements in the near term, but retirements pick up
more aggressively starting in 2022 (2.4 GW coal retirement between 2022 and 2025), when CO2 prices
begin to escalate. Approximately 1 GW of coal capacity remains throughout the study period to maintain
reliability and to serve caseload. Amid an increase in load the loss of coal capacity is replaced during the
mid-term primarily by natural gas plants, which show a net increase of about 5GW, and also by an increase
in solar and wind builds that perpetuate across the study period, consisting of about 1.4 GW net builds each.

HighCoal Plant Retirements and Resource Additions
Technology Scenario

In the High Technology Scenario, we continue to observe about 5 GW of coal retirements throughout the
study period consistent with the base case outlook however, we project a slower tapering of coal plants
as lower COZ prices that increase more slowly prolong the viability of existing coal plants. Consequently,
lower demand and higher coal capacity in short and mid-term reduce the total net installed capacity across
the study period to less than 200 MW and delay natural gas and renewable capacity from coming online.
The total amount of new capacity additions may be less than that of the base case, but the High Technology
Scenario results in the highest renewable penetration as a percentage of total net build. This is mostly
driven by a steep decline in capital cost for renewables especially during the mid-term, resulting in
approximately 40% of new builds to come from renewables. Of the 40%, new solar builds consist of more
than half as capital cost for solar falls more sharply than wind does and becomes less expensive than wind
by 2021, incentivizing more solar than wind builds.

- High EconomyCoal Plant Retirements and Resource Additions
Scenario

In the High Economy Scenario load growth exceeds that of the base case, as do capacity additions. Of the
total net capacity additions, which exceed 6.7 GW, natural gas combined cycle accounts for the greatest
amount of builds (8.9 GW) to replace about 5 GW of coal retirements by 2035. This results in a forecast
that is dominated by thermal capacity of more than 80% by 2035. We expect the net wind and solar capacity
to increase by 2.9 GW, resulting in 24% of new builds to be renewables. In order to serve Arizona's rise in
demand, natural gas plants continue to be built and coal plants persist for the longest period (least amount
of retirement until mid-term) compared to those of the other two scenarios. However, the introduction of the
CPP in 2022 leads to a precipitous increase in COZ prices, causing existing coal plants to retire rapidly and
those to be replaced by natural gas plants. The High Economy Scenario shows the least amount of
renewable penetration as we assume less decline in renewable capital cost versus that in the Base Case
Scenario. As a result the medium and long-term outlook in the High Economy Scenario begins to push
toward an era of high power prices, high fuel costs, high capital costs, and high load growth.
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1.0 INTRODUCTION

iiI

Tucson Electric Power Company (TEP or Owner) retained Bums & McDonnell Engineering Company

(BMcD) to evaluate various flexible generation technologies in support of its future resource planning

efforts. As TEP looks to expand its renewable energy resources. it also anticipates a recd for flexible

generation to offset the intermittency associated with some renewable technologies. Flexible generation

refers to an electric source that can be quickly dispatched in response to an immediate need. typically in a

matter of minutes (as opposed to hours for caseload generation). Flexible generation is also characterized

by low turndown. allowing the amount of dispatched load to vary appropriately with the power needed.

TEP anticipates approximately 200 MW of additional flexible generation capacity will be needed in the

coming years in order to avoid future operational issues.

i

The 2017 Flexible Generation Technology Assessment (Assessment) includes a screening level

comparison of technical features. cost. perfonnance. and emissions characteristics of the generation

technologies listed below. It is BMcDs understanding that the information in this Assessment will be

treated as preliminary. Any teelmologies of interest to TEP should be followed up with further project

development.
l

l

1.1 Evaluated Technologies

Aeroderivative simple cycle gas turbines (SCGT):

o ex 45 MW (based on GE LM6000 PF / GE LM6000 PF+)

O ex 45 MW (based on LM6000 Hybrid EGT)

o 4x 65 MW (based on GE LM9000)

o ex 100 MW (based on GE LMsl00 PB-)

Frame SCGT:

O lx 220 MW F-class (based on GE 7FA.05)

Reciprocating engines:

o 20x 10 MW (based on MAN 20V35/44G)

o lOx 20 MW (based on MAN l 8V5l/60G)

Combined cycle gas turbines (CCGT):

o 200 MW 3xl Configuration based on Siemens SGT-800 featuring:

Air Cooled Condenser (ACC)

Duct firing

Evaporative inlet cooling

Solar Photovoltaics (PV):

Tucson Electric Power Burns & McDonnell1-1
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O 100 MW block (with incremental "next unit" option) featuring:

Polycrystalline silicon modules

Single axis tracking system

Wind Generation (200 MW)

Battery Storage (50 MW / 200 MWh lithium ion storage with incremental "next unit" option)

1.2 Assessment Approach

This report supports the Technology Assessment Summary Table spreadsheet file (Summary Table)

developed by BMcD. This report compiles the assumptions and methodologies used by BMcD during the

development of the Summary Table. Appendix A includes a scope assumptions matrix that tabulates

major scope items in a table format. The Summary Table can be found in Appendix B. Appendix C

includes renewable energy maps for solar and wind developed by the National Renewable Energy

Laboratory (NREL). and developed from WindPro data.

1.3 Statement of Limitations

Estimates and projections prepared by BMcD relating to performance. construction costs. and operating

and maintenance costs arc based on experience qualifications. and judgment as a professional consultant.

BMcD has no control over weather, cost and availability of labor. material and equipment. labor

productivity construction contractor's procedures and methods. unavoidable delays. construction

contractors method of determining prices economic conditions. government regulations and laws

(including interpretation thereof), competitive bidding and market conditions or other factors affecting

such estimates or projections. Actual rates costs, performance ratings schedules, etc.. may vary from the

data provided.

Burns & McDonnell12Tucson Electric Power
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2.0 STUDY BASIS AND ASSUMPTIONS

2.1 Scope Basis and Assumptions Matrix

Scope and economic assumptions used in developing the Assessment are presented below. A

spreadsheet-based Scope Matrix is included for reference in Appendix A. as agreed upon with TEP at

project kickoff.

i
i

i
I
i

2.2 General Assumptions|
The assumptions below govern the overall approach of the Assessment:

i

I l
l

l

l
l

W

All estimates are screening-level in nature do not reflect guaranteed costs. and are not intended

for budgetary purposes. Estimates concentrate on differential values between options and not

absolute infonnation.

All information is preliminary and should not be used for construction or permitting purposes.

All capital and O&M estimates are stated in 2017 US dollars (USD). Escalation for the simple

cycle reciprocating engine. and combined cycle options is included to a COD in 2020. assuming

a Q1 2017 notice to proceed.

Estimates assume an Engineer. Procure. Construct (EPC) fixed price contract for project

execution.

O

O

All options are based on a generic Greenfield site with no existing structures or demolition

required. with the following assumptions and clarifications made:

o Utility connections are assumed available at the site boundary. Infrastructure costs for

natural gas. water. and communications are excluded.

Fuel source will be pipeline quality natural gas. Dual fuel options are excluded.

Available natural gas pressure at the site boundary is assumed to be 200 psig.

Fuel gas compression will be required for the simple cycle and combined cycle options,

but is assumed unnecessary for the reciprocating engines.

Waste water is assumed to be delivered to the site boundary. Wastewater treatment facilities

are excluded from applicable options.

o Demolition or removal of hazardous materials is not included.

Sites arc assumed to be flat. with minimal rock and soils suitable for spread footings. Piling is

included under heavily loaded foundations.

Ambient conditions for performance ratings are as follows:

Elevation: 2620 ft.

2 1Tucson Electric Power Burns 8t McDonnell
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O

O

ISO Conditions: 59°F. 60% relative humidity

Summer Conditions: l 05°F. 25% relative humidity

All performance estimates assume new and clean equipment and do not include operating

degradation.

Duct firing is included in the capital cost and performance estimate for the combined cycle

option.

Fuel and power consumed during construction startup. and/or testing are included.

A preliminary review of BACT requirements provides a basis for the assumed air pollution

control equipment included in the capital and O&M costs.

Emissions are estimated at steady state base load operation at ISO conditions.

2.3 EPC Project Indirect Costs

The following project indirect costs are included in capital cost estimates:

Performance and pre operational testing

Startup technical service

Site surveys

Engineering and construction management

Freight

Startup spare parts

EPC fees & contingency

Escalation

Bonds

2.4 Owner Costs

Allowances for the following Ownerscosts arc included in the pricing estimates:

Project development

Owncrls project management

Ownerls engineering

Owners legal fees

Operator training (although existing Sundt personnel will be used. training will be needed)

Permitting & licensing fees

Builders risk insurance

2-2 Burns & McDonnellTucson Electric Power
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Operating spare parts

Permanent plant equipment and furnishings

Owner's contingency (allowance included at 5% for screening purposes)

Temporary utilities

Startup testing fuels and consumables

Political concessions and area development fees

Site security

2.5 Cost Estimate Exclusions

The following costs arc excluded from all estimates:

Switchyard

Land

Water rights

Water supply/discharge

Water treatment equipment

Natural gas infra stricture

Sales tax

Interest during construction (IDC)

Financing fees

Transmission

Black start capability

Auxiliary boiler (combined cycle option)

Administration building and warehouse

Utility demand costs

2.6 Operating and Maintenance Assumptions

Gperations and maintenance (O&M estimates are based on the following assumptions:

lStaffing costs are excluded (except training). Existing Sundt staff assumed for operations and

maintenance. O&M costs are based on new and clean equipment.

O&M costs are in 20]7 USD.

O&M costs exclude emissions credit costs. property taxes and property insurance.

Power demand costs are excluded.

2-3 Burns 8t McDonnellTucson Electric Power
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Where applicable variable O&M costs include routine maintenance. makeup water. water

treatment. SCR reagent, catalyst replacement, and other consumables not including fuel.

Fuel costs arc excluded from O&M estimates.

Where applicable. major maintenance costs are shown separately from variable O&M costs.

Gas turbine and reciprocating engine major maintenance assumes third party contract with

recommended maintenance schedule set forth by the original equipment manufacturer (OEM).

Base O&M costs are based on performance estimates at ISO conditions.

Burns & McDonnellTucson Electric Power 24
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SIMPLE CYCLE GAS TURBINE TECHNOLOGY3.0

3.1 Simple Cycle Technology Description

A simple cycle gas turbine (SCGT) plant utilizes natural gas to produce power in a gas turbine generator.

The gas turbine (Brayton) cycle is one of the most efficient cycles for the conversion of gaseous fuels to

mechanical power or electricity. Simple cycle gas turbines are typically used for peaking power due to

their fast load ramp rates and relatively low capital costs. However. the units have high heat rates

compared to combined cycle technologies. Simple cycle gas turbine generation is a widely used. mature

technology.

Evaporative coolers or inlet foggers are often used to cool the air entering the gas turbine by evaporating

additional water vapor into the air, which increases the mass flow through the turbine and therefore

increases the output. Evaporative coolers or inlet foggers. depending on the turbine OEM. are included as

options on all SCGT technologies in this assessment.

While this is a mature technology category it is also a highly competitive marketplace. Manufacturers

are continuously seeking incremental gains in output and efficiency while reducing emissions and onsite

construction time. Frame unit manufacturers are striving to implement faster starts and improved

efficiency. Advances in combustor design allow improved ramp rates. turndown. fuel variation

efficiency. and emissions characteristics. Aeroderivative turbines also benefit from the research and

development (R&D) efforts of the aviation industry. including advances in metallurgy and other

materials.

Low load or pan load capability may be an important characteristic depending on the expected operating

profile of the plant. Low load operation allows the SCGTs to remain online and generate a reduced

amount of power while having the ability to quickly ramp to full load without going through the full start

sequence. Most turbines are able to sustain stable operation at the minimum emissions compliant load

(MECL). or the minimum load at which the OEM can meet the guaranteed emissions for the project.

While further turndown is technically possible. loads below MECL will generally result in unacceptable

emissions levels. MECL can vary slightly from turbine to turbine. For purposes of this assessment.

MECL is equated with minimum load. and is assumed to be 50%.

3.1 .1 Aeroderiv ativ e Gas Turbines

Aeroderivative gas turbine technology is based on aircraft jet engine design. built with high quality

materials that allow for increased turbine cycling. The output of commercially available aeroderivative

turbines ranges from less than 20 MW to approximately 100 MW in generation capacity. In simple cycle

Burns 8 McDonnellTucson Electric Power 3 1
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configurations. these machines typically operate more efficiently than larger frame units and also exhibit

shorter ramp up and turndown times. making them ideal for peaking and load following applications.

Aeroderivative units typically require fuel gas to be supplied at higher pressures (i.c. 675 psig to 960 psig

for many models) than traditional frame units.

A desirable attribute of aeroderivative turbines is the ability to star and ramp up load quickly. Most

manufacturers will guarantee ten minute starts measured from the time the start sequence is initiated to

when the unit reaches 100 percent load. Simple cycle starts are generally not affected by cold. warm. or

hot conditions. However. all gas turbine start times in this Assessment assume that all start pemtissives

are met. which can include purge credits, lube oil temperature. fuel pressure. etc.

Aeroderivative turbines are commercially available from several vendors. including General Electric

(GE). Siemens (including Rolls Royce turbines). and Mitsubishi-owned Pratt & Whitney Power Systems

(PWPS). These machines have been used in power generation applications for decades. However. as

mentioned previously. manufacturers are continually refining designs and introducing new options. This

assessment evaluates the GE LM6000 PF. GE LM6000 PF+. GE LM6000 Hybrid EGT. GE LM9000. and

GE LMsl 00 PB+. The PF+. Hybrid EGT. and LM9000 arc all relatively new options in the

aeroderivative market.

3.1.2 Frame Gas Turbines

Frame style turbines are industrial engines that arc typically used in intermediate to caseload applications.

In simple cycle configurations, these engines typically have higher heat rates when compared to

aeroderivative engines. The smaller frame units have simple cycle heat rates around l 1.000 Btwkwh

(HHV) or higher while the largest units exhibit heat rates approaching 9.250 Btwkwh (HHV). However.

frame units produce higher exhaust temperatures (~l1 l00°F) compared to aeroderivative units (~850°F).

making them more efficient iii combined cycle operation because exhaust energy is further utilized.

Frame units typically require fuel gas at lower pressures than aeroderivative units (i.e. ~500 psig).

Traditionally. frame turbines exhibit slower startup times and ramp rates than aeroderivative models, but

manufacturers are consistently improving these characteristics. Conventional start times are commonly

30 minutes for frame turbines. but fast start options allow 10 to 15 minute starts. This Assessment

includes a fast start option in the capital cost for the F class option.

Frame engines arc offered in a large range of sizes by multiple vendors. including GE Siemens. and

Mitsubishi. Commercially available frame units range in size from approximately 50 MW up to 350

MW. Continued development by manufacturers has resulted in the separation of frame gas turbines into

Tucson Electric Power Burns 8= McDonnell3 2
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several classes. grouped by output and firing temperature: E class turbines (nominal 85 to 100 MW); F

class turbines (nominal 200 to 240 MW); G/H class turbines (nominal 270 to 300 MW): and J class

turbines (nominal 325 to 370 MW). This Assessment includes an F class frame option. with performance

and cost based on the GE 7FA.05 model.

3.2 Simple Cycle Emissions Controls

Emissions levels and required NO and CO controls vary by technology and site constraints. Historically.

natural gas SCGT peaking, plants have not required post-combustion emissions control systems because

they normally operate at low capacity factors. However. pennitting trends suggest post-combustion

controls may be required depending on annual number of gas turbine operating hours. proximity of the

site to a non-attainment area. and current state regulations.

In addition. there is a New Source Perfonnance Standard (NSPS) limit for NO emissions measured in

parts per million (ppm). independent of operating hours. Per NSPS. units with heat inputs below 850

MMBtu/hr have a NO limit of 25 ppm. but units with heat inputs greater than 850 MMBtu/hr have a

NOx limit of 15 ppm. Furthermore. in the event the overall facility has the potential to emit greater than

250 tons per year of NO emissions. selective catalytic reduction (SCR) may be required or the units may

be limited in the number of operating hours available.

Turbine manufacturers will typically guarantee emissions down to MECL. which for this Assessment is

assumed to be 50 percent load for all simple cycle options. Below this load. turbine emissions may spike.

As such. emissions on a ppm basis may be significantly higher at low loads.

Gas turbines commonly have options for DLN combustors or water injection to limit NOx emissions to

the 15-25 ppm range. All simple cycle options presented in this assessment include DLN combustors for

NO\ control. Emissions estimates arc shown in the Summary Tablc for each option on a per unit basis

for steady state caseload operation. at ISO conditions.

A summary of the required emissions controls for each option is as follows:

Except for the LMsl()0 PB+ all acrodcrivativc options have heat inputs below the NSPS

threshold of 850 MMBtu/hr and meet the corresponding 25 ppm NO limit. Therefore it is

assumed that an SIR will not be required for these options. The LMsl00 PB+ is expected to

require an SIR. NO\ emissions presented in the Summary Table are reflective of this.

Although the F class turbine has a higher fuel input. it is expected to produce NO emissions

below the required 15 ppm. Therefore. an SCR is assumed not to be required.

Burns & McDonnellTucson Electric Power 3 3
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Oxidation (CO) catalyst can be used to control CO emissions when operating on natural gas fuel.

It is assumed that CO catalyst will only be required for the LMsl00 PB+ option. CO emissions

presented in the Summary Table arc reflective of this.

Outside of good combustion practices. it is assumed that emissions control equipment is not

required for CO; and particulate matter (PM). Sulfur dioxide emissions are not controlled and arc

therefore a function of the sulfur content of the fuel burned in the turbines.

3.3 Simple Cycle Performance

Estimated simple cycle performance results arc shown in the Summary Table and are based on data

outputs from proprietary OEM software and correspondence with OEMs. The general assumptions in

Section 2.0 apply to the evaluation of all SCGT options. and additional assumptions are listed in the scope

matrix in Appendix A.

Full load and minimum load performance estimates are provided for ISO and summer ambient conditions.

Minimum load is defined as the minimum emissions compliant load (MECL) and is assumed to be 50%

load for all simple cycle options. Incremental performances are also provided with evaporative coolers in

service.

The Summary Table includes startup times to full load. SCGT start times assume that purge credits arc

available. For the F class option. startup times arc shown with and without the fast-start package.

Outage and availability statistics arc also shown in the Summary Table. This data was collected using the

NERC Generating Availability Data System (GADS). Simple cycle GADS data is based on 201 12016

operating statistics for applicable North American units that came online in 2006 or later.

3.4 Simple Cycle Cost Estimates

Simple cycle cost estimate results are included in the Summary Table. Cost estimates for each option

were developed using in-house information from past BMcD project experience. and based on an EPC

contracting approach. The EPC costs include all equipment procurement construction. and indirect costs

associated with simple cycle projects.

•

A high-level list of items included in the EPC cost is given below:

Engineering

Major equipment supply:

o Gas turbine(s) (including evaporative cooling)

o GSU transformer(s)

Tucson Electric Power Burns 8\ McDonnell3-4
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O

O

o

O

SCR/CO catalyst and associated BOP (LMsl00 PB+ option only)

Hybrid wet/dry cooling system (LMS l 00 PB+ option only)

BOP Equipment and Materials:

Mechanical equipment electrical equipment instrumentation and controls. chemical

storage. fire protection equipment. and other miscellaneous items required.

Includes fuel gas compression equipment (assuming 200 psig available at site boundary).

Construction :

o

O

O

O

O

Includes major equipment erection civil/structural construction. mechanical construction.

and electrical construction

Construction management and startup

indirects and fees

EPC contingency

Escalation to COD. assuming a project notice to proceed offal 2017

Per the Scope Assumptions in Appendix A. the following items are excluded from the EPC cost estimate:

Administrative/control building. warehouse. and other buildings

I

I

Dual fuel capability

Black start capability

Demineralized water treatment system (assumes that trailers or other demincralized water supply

will be available for turbine water washes. cooling water makeup. etc.)

On site potable water well -treated water is assumed to be available at the site boundary

Interest during construction. financing fees. and taxes

Natural gas infrastructure

Owner ls costs for a 138 kV switchyard grid interconnection and transmission costs

3.5 Simple Cycle O&M

BMcD evaluated the O&M needs for the simple cycle options based on the project specific scope.

Estimates for fixed O&M (FOM) and variable O&M (VOM) costs are presented in the Summary Table.

Major maintenance costs for SCGT engines are estimated on a dollar per gas turbine hourly operation

(S/GTG-hr) basis and are not affected by number of starts. In line with the assumptions found in

Appendix A. O&M estimates for the plant are based on the following:

For aerodcrivativc gas turbines major maintenance cost is on a 3/hr basis. For frame gas

turbines. major maintenance is on a $/hr basis when annual hours/start are greater than 27 and on

a S/start basis when annual hours/start are less than 27.

3-5 Burns & McDonnellTucson Electric Power
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Major maintenance costs are per engine or gas turbine.

VOM assumes the use of temporary trailers or other source for demincralized water needs. such

as CT water washing, cool ing water makeup etc.

FOM costs assume existing Sundt staff to be used for operations and maintenance, therefore no

additional personnel or salary costs are included.

A SCR sys tem is  inc luded  in  the  O&M eva lua t ion  fo r  the  LMs l00  PB+ op t ion  a r id  assumes

operation with 19%  aqueous ammonia and a 5 year catalyst l i fe.
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4.0 RECIPROCATING ENGINE TECHNOLOGY

4.1 Reciprocating Engine Technology Description

The internal combustion reciprocating engine operates on a four-stroke cycle for the conversion of

pressure into rotational energy. Utility scale engines are commonly compression-ignition models. but

some are sparkignition engines. By design, cooling systems are typically closed-loop radiators,

minimizing water consumption.

Reciprocating engines are generally more tolerant of altitude and ambient temperature than gas turbines.

with site conditions below 6.000 feet and l 00°F. altitude and ambient temperature have minimal impact

on the electrical output of reciprocating engines. though the efficiency may be slightly affected. Fucl gas

pressure requirements are also comparatively low (Le. 80 - 145 psig).

Reciprocating engines can start up and ramp load more quickly than most gas turbines. but it should be

noted that the engine jacket temperature must be kept warm to accommodate start times under I()

minutes. However it is common to keep water jacket heaters energized during all hours that the engines

may be expected to Mn (associated costs have been included within the fixed O&M costs).

Many different vendors. such as Wartsila. Fairbanks Morsc. Caterpillar. General Electric. Kawasaki.

Mitsubishi etc. offer reciprocating engines and they are becoming popular as a means to follow wind

turbine generation with their quick start times and operational flexibility. Thcrc are slight differences

between manufacturers in engine sizes and other characteristics. but all largely share the common

characteristics of quick ramp rates and quick start up when compared to gas turbines.

The 200 MW plants evaluated in this Assessment are based on MAN natural gas fueled engines, models

20V35/44G and I 8V5l/60G. These heavy duty medium speed engines are easily adaptable to grid-load

variations.

4.2 Reciprocating Engine Emissions Controls

Emissions estimates arc shown in the Summary Table are per unit. for steady-state caseload operation at

ISO conditions assuming natural gas operation. In addition to good combustion practices. it is expected

that reciprocating engines will require SCR and CO catalyst to control NO\ and CO emissions. Operation

on natural gas fuel with an SCR yields reduction of NO\ emissions to 5 ppm at 15 percent Oz. while a CO

catalyst results in anticipated CO emissions of 15 ppm. It is assumed that emissions control equipment is

not required for CO; and particulate matter (PM).

Burns 8t McDonnell41Tucson Electric Power
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Sulfur dioxide emissions are not controlled and are therefore a function of the sulfur content of the fuel

bummed in the gas turbines. Sulfur dioxide emissions are estimated to be less than 0.002 In/MMBtu.

4.3 Reciprocating Engine Performance

Reciprocating engine performances in the summary tables are based on data from OEM ratings. Base

load and minimum load performance estimates are shown for ISO and summer ambient conditions.

Minimum load assumes a single engine at 5()% load. The general assumptions in Section 2.0 apply to the

reciprocating engine evaluation. as well as the assumptions listed in the scope matrix in Appendix A.

The Summary Table includes startup time the reciprocating engine models considered. Reciprocating

engines typically exhibit star times of 5-l0 minutes assuming the engines are maintained in standby

mode. Outage and availability statistics are also shown in the Summary Table. which were collected from

NERC GADS data. it should be noted that EFOR data from GADS may not accurately represent the

benefits of a reciprocating engine plant depending on how outage events are recorded. Typically a

maintenance event will not impact all engines simultaneously. so only a portion of the plant would be

unavailable.

Reciprocating engines consume minimal water (approximately two gallons per engine. per week for

cooling loop makeup). Depending on site conditions and access to water. the low water consumption rate

can be advantageous in comparison to other simple cycle plants.

4.4 Reciprocating Engine Cost Estimates

Reciprocating engine cost estimate results are included in the Summary Table. Cost estimates were

developed using inhouse information from past BMcD project experience. and based on an EPC

contracting approach. The EPC costs include all equipment procurement. construction. and indirect costs

associated with reciprocating engine projects.

Additional cost clarifications and assumptions are shown below:

SCR and CO catalysts are included

It is assumed that natural gas is available at approximately 200 psig and that fuci compression

will not be required

The reciprocating engine plant includes an indoor engine hall with associated facilities

It is assumed that two GSUs will be used for the 20 MW engines. and four GSUs for the 10 MW

engines
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4.5 Reciprocating Engine O&M
I

I
i

l

The results of the reciprocating engine O&M evaluations are shown in the Summary Table. Additional

assumptions are listed in the scope matrix in Appendix A. It is assumed that an LTSA would be executed

with the OEM or other third party.I

I
i
I
I
I
I

Fixed O&M costs are similar to the simple cycle assumptions. including allowances for administrative

expenses. safety equipment. building/grounds maintenance. environmental testing. communications and

unplanned engine maintenance. An allowance is also included for estimated standby power costs to

maintain engine temperatures required for 5-10 minute startup times.

Variable O&M costs account for lube oil consumption, urea consumption. minor engine maintenance

BOP equipment maintenance, and water consumption. Consumption rates and cost information are based

on OEM correspondence and BMcD experience. Minor engine maintenance costs account for scheduled

maintenance intervals (i.e. every 2.000. 4.000 or 10.000 hours). but not major overhauls. It is assumed

that the LTSA includes supervision and scheduled parts from the OEM. Water consumption is minimal

for reciprocating engines. as each engine requires approximately 5- l0 gallons per week for cooling loop

makeup and turbo rinsing.

Major maintenance costs are shown as $/hour per engine. regardless of configuration. Major maintenance

costs assume that the LTSA includes all parts and labor for major overhaul intervals (i.e. approximately

30.000 and 50.000 hours). Major maintenance also includes SCR and CO catalyst replacements. Major

maintenance costs are levclized over a 30 year period without escalation.
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5.0 COMBINED CYCLE GAS TURBINE TECHNOLOGY

5.1 Combined Cycle Technology Description

The basic principle of the combined cycle gas turbine (CCGT) plant is to utilize natural gas to produce

power in a gas turbine which can be converted to electric power by a coupled generator and to also use

the hot exhaust gases from the gas turbine to produce steam in a heat recovery steam generator (HRSG).

This steam is then used to drive a steam turbine and generator to produce electric power. The use of both

gas and steam turbine cycles (Brayton and Rankine) in a single plant to produce electricity results in high

conversion efficiencies and low emission. Additionally. natural gas can be fired in the HRSG to produce

additional steam and associated output for peaking load. a process commonly referred to as duct firing.

The heat rate will increase during duet fired operation. though this incremental duct fired heat rate is

generally less than the resultant heat rate from a similarly sized SCGT peaking plant.

For this Assessment. BMcD evaluated a combined cycle power plant in a 3xl configuration based on the

Sicmcns SGT-800 gas turbine.

5.2 Combined Cycle Emissions Controls

Emissions estimates are shown in the Summary Table arc per unit. for steady-state bascload operation at

ISO conditions. assuming natural gas operation.

Combined cycle power plants are typically designed for capacity factors consistent with intermediate or

base load operation. therefore it is expected that NO\ and CO emissions will need to be controlled. An

SCR will be required to reduce NO emissions by approximately 90% which correlates to 0.007

lb/MMBtu. It is expected that a CO catalyst would also be required to reduce CO emissions. This

Assessment assumes CO emissions will be controlled to 2 ppmvd corrected to 15 percent Oz. which

correlates to approximately 0.002 lb/MMBtu.

The use of an SCR and CO catalyst requires additional site infrastructure. An SCR system injects

ammonia into the exhaust gas to absorb and react with NO\ molecules. This requires onsite ammonia

storage and provisions for ammonia unloading and transfer. The costs associated with these requirements

have been included in this Asscssment.

CO; emissions are estimated to be 120 lb/MMBtu.

Sulfur dioxide emissions are not controlled and arc therefore a function of the sulfur content of the fuel

burned in the gas turbines. Sulfur dioxide emissions are estimated to be less than 0.002 lb/MMBtu.
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5.3 Combined Cycle Performance

BMcD estimated performance of xI SGT-800 combined cycle plant using EBSILON heat balance

software. Results from the EBSILON model were cross checked against preliminary heat balance

information obtained from Siemens. The general assumptions in Section 2 as well as those listed in

Appendix A apply to the evaluation of the CCGT option. Estimated performance results arc presented in

the Summary table. and reflect the following:

Natural gas firing only.

Inlet evaporative cooling is reflected in both ISO and summer ambient performances.

Incremental performance for duct firing is shown for both ISO and Summer Ambient Conditions.

Incremental performance statistics are based on the duet firing portion only, exclusive of the

CTGs. Incremental heat rate does not represent total plant heat rate when duct firing is

operational.

Maximum duct firing to l.600°F burner outlet temperature is assumed.

Performance is based on heat rejection through an air cooled condenser (ACC)

CCGT emissions estimates reflect inclusion of SCR and CO catalyst.

Estimated water consumption with and without evaporative cooling is provided at ISO

conditions.I
I

l
l

l
l
i
l
l

l
l

The Summary Table includes estimated combined cycle start times to unfired base load according to cold.

wadi. and hot star conditions. Start times reflect unrestricted. conventional starts for all gas turbines.

Outage and availability statistics shown were collected from NERC GADS data. Combined cycle GADS

data is based on 201 1-2016 operating statistics for applicable North American units that came online in

2006 or later.

5.4 Combined Cycle Cost Estimate

The estimated cost of the 3xl SGT-800 combined cycle plant is included in the Summary Table. Cost

estimates were developed using inhouse information from past BMcD project experience. and based on

an EPC contracting approach. Ownerls costs as outlined in Appendix A are also estimated. The EPC

project cost includes all equipment procurement. construction. and indirect costs associated with

combined cycle projects.

Note that the combined cycle option will require a longer construction schedule than the other options.

The Summary Table shows an estimated project timeline of 3.5 years. requiring an aggressive schedule to

achieve the assumed COD in 2020.
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A high-lcvcl list of items included in the EPC cost is given below:

O

O

o

o

O

o

O

O

o

O

O

O

Engineering

Major equipment supply:

o Gas turbines (including evaporative cooling)

HRS Gs (including duct firing, SCR/CO catalyst. and associated BOP)

Steam turbine

ACC

GSU transformers

BOP Equipment and Materials:

Mechanical equipment, electrical equipment instrumentation and controls. chemical

storage. fire protection equipment and other miscellaneous items required.

Includes fuel gas compression equipment (assuming 200 psig available at site boundary).

Onsite demineralized water treatment equipment

Construction:

Includes major equipment erection, civil/structural construction, mechanical construction.

and electrical construction

Construction management and startup

Indirects and fees

EPC contingency

Escalation to COD. assuming a project notice to proceed offal 2017

Per the Scope Assumptions in Appendix A. the following items are excluded from the EPC cost estimate:

Administrative/control building warehouse, and other buildings

Duel fuci capability

Black star capability

Auxiliary boiler

ZLD system

On site potable water well ~treated water is assumed to be available at the site boundary

Interest during construction. financing fees. and taxes

Natural gas infrastructure

Owners costs for a 138 kV switchyard. grid interconnection. and transmission costs
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5.5 Combined Cycle O&M li
l
l
iEstimates for fixed and variable O&M costs arc presented in the Summary Table. in line with the

assumptions found in Appendix A. O&M estimates for the plant are based on the following:

I

Gas turbine major maintenance costs are based on infonnation provided by vendors and assume

that the end user enters into a long temp service agreement with the OEM.

FOM costs assume existing Sundt staff to be used for operations and maintenance. therefore no

additional personnel or salary costs are included.

SCR system is included in the O&M evaluation and assumes operation with 19% aqueous

ammonia. and a 5 year catalyst life.

Two different water consumption estimates arc given (with and without evaporative cooling):

VOM is based on the higher water consumption rate.

VOM costs assume an onsite demineralized water treatment system (included in the capital cost

estimate).

Water discharge costs are excluded.i
i

I

l

|

I

|

i
I

|

|
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6.0 RENEWABLE TECHNOLOGY _ SOLAR PHOTOVOLTAIC

6.1 PV General Description

The conversion of solar radiation to useful energy in the font of electricity is a mature concept with

extensive commercial experience that is continually developing into a diverse mix of technological

designs. PV cells consist of a base material (most commonly silicon). which is manufactured into thin

slices and then layered with positively (i.e. Phosphorus) and negatively (i.e. Boron) charged materials. At

the junction of these oppositely charged materials. a "depletion" layer forms. When sunlight strikes the

cell. the separation of charged particles generates an electric field that forces current to flow from the

negative material to the positive material. This flow of current is captured via wiring connected to an

electrode array on one side of the cell and an aluminum back-plate on the other. Approximately 15% of

the solar energy incident on the solar cell can be converted to electrical energy by a typical silicon solar

cell. As the cell ages. the conversion efficiency degrades at a rate of approximately 0.5% per year. At the

end of a typical 30 year period the conversion efficiency of the cell will still be approximately 85% of its

initial efficiency.

6.2 PV Emission Controls

No emission controls are necessary for a PV system.

6.3 PV Performance

BMcD simulated performance of a 100 MW (AC) plant in Tucson. AZ using PVsyst software. Per the

agreed upon scope assumptions. the perfonnance simulation was based on polycrystalline silicon modules

with use of a single axis tracking system. Performance was based on the SolarWorld XL SW 325 module

specifically intended only to provide representative perfonnance. Similar results could be expected from

other manufacturers as well. In general capacity factors are better when using tracking systems. though

racking costs are higher. Thc benefits fusing tracking as opposed to a fixed tilt system will depend on

the site (latitude) as well as season. however. tracking costs have declined in recent years often making

projects cheaper on a S/kw basis than they would be utilizing fixed tilt. The resultant capacity factor for

the simulated plant is shown in the Summary Table. The system assumes a 1.25 DCAC ratio.

Panel technologies may also exhibit different performance characteristics depending on the site. Thin

film technologies are typically cheaper than silicon per panel. but they are also less energy dense. so its

likely that more panels would be acquired to achieve the same output. In addition. the two technologies

respond differently to shaded conditions.

Tucson Electric Power Burns 8i McDonnell61



Revision 1 Renewable Technology Solar PhotovoltaicFlexible Generation Technology Assessment

For reference. Appendix C includes solar radiation maps generated by NREL. Additional assumptions

arc listed in the scope matrix in Appendix A.

6.4 PV Cost Estimate

The estimated cost of a 100 MW PV plant is included in the Summary Table. and is based on BMcD

project experience and industry research. Major equipment costs include the polycrystalline silicon PV

modules (assuming a 1.25 DC:AC ratio). the power conditioning system (PCS) which includes inverters

and intermediate transformers. and a single GSU for step up to 138 kg. Interconnection. substation. land.

and other Owner s costs are excluded as shown in Appendix A.

Cost infonnation is shown for a "First Unit" arid "Next Unit". The first unit assumes a complete 100 MW

plant with all costs described herein. and in Appendix A. The next unit cost represents the incremental

increase for each addition beyond the first installed unit. This methodology assumes that all units are

constructed up front in a single project. and therefore the estimates are not valid for adding a unit to an

existing plant at a later date.

l
l

6.5 PVO&M

O&M costs for the l()() MW PV system are shown in the Summary Table. O&M costs are derived from

BMcD project experience and vendor information. The following assumptions also apply to PV O&M:

O&M costs assume that the system is remotely operated and that all O&M activities are

performed through a third party contract. Therefore all O&M costs are modeled as fixed costs,

shown in terms of$/kWac.

O&M costs include a sinking fund for inverter replacements. The latest inverters are expected to

last about 10-15 years. so they may need to be replaced at least once during the life of the plant.

O&M costs account for an annual panel cleaning, security monitoring. grounds maintenance.

inverter maintenance. and other routine activities.
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RENEWABLE TECHNOLOGY _ WIND7.0

7.1 Wind General Description

Wind turbines convert the kinetic energy of wind into mechanical energy. and are typically used to pump

water or generate electrical energy that is supplied to the grid. Wind turbine energy conversion is a

mature technology and can generally be split into two design types:

Vertical-axis wind turbines. with the axis of rotation perpendicular to the ground.

Horizontal-axis wind turbines. with the axis of rotation parallel to the ground.

Subsystems for either configuration typically include a blade or rotor to convert the energy in the wind to

rotational shaft energy: a drive train usually including a gearbox and a generator: a tower that supports

the rotor and drive train; and other equipment. including controls electrical cables, ground support

equipment and interconnection equipment. Over 95 percent of turbines larger than 100 kW arc the

horizontal-axis type.

Wind turbine capacity is directly related to wind speed and equipment size. particularly to the rotor/blade

diameter. The power generated by a turbine is proportional to the cube of the prevailing wind. that is. if

the wind speed doubles. the available power will increase by a factor of eight. Because of this

relationship. proper siring of turbines at locations with the highest possible average wind speeds is vital.

According to the Department of Encrgyls (DOE) National Renewable Energy Laboratory (NREL). Class

3 wind areas (wind speeds of 14.5 mph) are generally considered to have suitable wind resources for wind

generation development. Appendix C includes sample NREL wind resource maps for both Arizona and

New Mexico.

7.2 Wind Energy Emission Controls

No emission controls arc necessary for a wind energy installation.

Wind Performance7 .3

BMcD estimated the net capacity factor (NCF) of a 200 MW plant by using WindPro software to extract

regional wind resource data at an assumed hub height of 80 meters. Two locations were considered for

the site: f irst in eastcm Arizona near the Springerville Generating Station. and second in New Mexico

directly east of Albuqucrque. Using a Rayleigh distribution and power curves for several dif ferent turbine

models. a range for gross annual capacity factor (GCF) was estimated for each site. Annual losses for a

wind energy facility were estimated at approximately 15 percent. which is a common assumption for
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screening level estimates in the wind industry. This loss factor was applied to the gross capacity factor

estimates to derive a net annual capacity factor (NCF) for each potential site.

Due to its limited wind resources, the Arizona location resulted in a significantly lower NCF range

(approximately I 828%) than the New Mexico site (3644%). Ideally. a utility-scale generation project

should have an NCF of 30 percent or better. For this reason, the New Mexico site is the one represented

in the Summary Table. The NCF estimate is provided as a range to show that it differs depending on

turbine selection. Smaller turbines generally have higher NCFs but would require more turbines to

achieve 200 MW capacity. For all other purposes of this Assessment the Siemens SWT-3.0-l 13 turbine

was utilized as a reasonable basis.

Wind resource maps for both locations are provided in Appendix C.

7.4 Wind Cost Estimate

The wind energy cost estimate is shown in the Summary Table. Costs are based on BMcD project

cxpcricnee and industry research for utility scale wind farms. In addition to the turbines. equipment costs

include intermediate transformers. a 34.5 kV collector bus. and two GSUs for interconnection at 138 kg.

Specific scope assumptions and exclusions can be found in Appendix A. Typical Owners costs are also

shown. It should be noted that while transmissions costs have been excluded from this estimate they

would be higher for the wind option due to the New Mexico site location.

The estimated land usage for wind shown in the Summary Table is based on an assumed l acre per

turbine as the directly affected land area. In reality. more land will likely need to be leased for turbine

spacing. although disturbance of this land would be minimal. Per Appendix A. land costs have been

excluded from this Assessment.

Wind O&M7.5

O&M costs for the evaluated wind site are shown in the Summary Table. The O&M costs are derived

from in-house information based on BMcD project experience and vendor information. Fixed costs

include all annual service and maintenance agreements. Therefore. variable O&M falls within the fixed

cost figure rather than a S/MWh estimate commonly associated with fossil fuel plants. It is assumed that

20% of annual fixed O&M expenses are set aside for unscheduled maintenance not covered by the service

agreements.
l
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8.0 BATTERY STORAGE TECHNOLOGY

8.1 Battery General Description

Electrochemical energy storage systems utilize chemical reactions within a battery cell to facilitate

electron flow. converting electrical energy to chemical energy when charging and generating an electric

current when discharged. Electrochemical technology is continually developing as one of the leading

energy storage and load following technologies due to its modularity ease of installation and operation

and relative design maturity. Development of electrochemical batteries has shifted into three categories

commonly termed "flow" "conventional," and "high temperature" battery designs. Each battery type has

unique features yielding individual advantages when compared to one another.

8.1.1 Flow Batteries

Flow batteries utilize an electrode cell stack with externally stored electrolyte material. The flow battery

is comprised of positive and negative electrode cell stacks separated by a selectively pcnncable ion

exchange membrane. in which the charge-inducing chemical reaction occurs and liquid electrolyte

storage tanks which hold the stored energy until discharge is required. Various control arid pumped

circulation systems complete the flow battery system in which the cells can be stacked in series to achieve

the desired voltage difference.

The battery is charged as the liquid electrolytes are pumped through the electrode cell stacks which serve

only as a catalyst and transport medium to the ion-inducing chemical reaction. The excess positive ions at

the anode are allowed through the ion~selective membrane to maintain electroneutrality at the cathode

which experiences a buildup of negative ions. The charged electrolyte solution is circulated back to

storage tanks until the process is allowed to repeat in reverse for discharge as necessary.

In addition to external electrolyte storage. flow batteries differ from traditional batteries in that energy

conversion occurs as a direct result of the reduction-oxidation reactions occurring in the electrolyte

solution itself. The electrode is not a component of the electrochemical fuel and does not participate in

the chemical reaction. Therefore. the electrodes are not subject to the same deterioration that depletes

electrical pcrfonnance of traditional batteries. resulting in high cycling life of a flow battery. Flow

batteries are also scalable such that energy storage capacity is determined by the size of the electrolyte

storage tanks. allowing the system to approach its theoretical energy density. Howcver. flow batteries are

typically more capital intensive than some conventional batteries and require additional installation and

operation costs associated with balance of plant equipment.
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8.1.2 Conventional Batteries

i

i

i

A conventional battery contains a eathodie and an anodic electrode and an electrolyte scaled within a cell

container than can be connected in series to increase overall facility storage and output. During charging,

the electrolyte is ionized such that when discharged, a reduction-oxidation reaction occurs. which forces

electrons to migrate from the anode to the cathode thereby generating electric current. Batteries are

designated by the eleetrochemicals utilized within the cell: the most popular conventional batteries are

lead acid and lithium ion type batteries.
I

Lead acid batteries are the most mature and commercially accessible battery technology as their design

has undergone considerable development since conceptualized in the Iatc l 800s. The Department of

Energy (DOE) estimates there is approximately l 10 MW of lead acid battery storage currently installed

worldwide. Although lead acid batteries require relatively low capital cost. this technology also has

inherently high maintenance costs and handling issues associated with toxicity. as well as low energy

density (yields higher land and civil work requirements). Lead acid batteries also have a relatively short

life cycle at 5 to 10 years, especially when used in high cycling applications.

Lithium ion (Li-ion) batteries contain graphite and metal-oxide electrodes and lithium ions dissolved

within an organic electrolyte. The movement of lithium ions during cell charge and discharge generates

current. Li-ion technology has seen a resurgence of development in recent years due to its high energy

density. low self-discharge. and cycling tolerance. The life cycle of Li-ion batteries can range from 2.000

to 3000 cycles (at high discharge rates) up to 7.000 cycles (at very low discharge rates). Many Li-ion

manufacturers currently offer 15 year warranties or performance guarantees. Consequently Li- ion has

gained traction in several markets including the utility and automotive industries. The DOE estimates

there is now approximately 1.240 MW of Li-ion battery storage installed worldwide.

Li-ion battery prices are trending downward. and continued development and investment by

manufacturers are expected to further reduce production costs. While there is still a wide range of project

cost expectations due to market uncertainty. Li-ion batteries are anticipated to expand their reach in the

utility market sector.

8.1.3 High Temperature Batteries

High temperature batteries operate similarly to conventional batteries. but utilize molten salt electrodes

and carry the added advantage that high temperature operation can yield heat for other applications

simultaneously. The technology is considered mature. with ongoing commercial development at the grid

level. The most popular and technically developed high temperature option is the Sodium Sulfur (NaS)
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battery..lapin-based NGK Insulators, the largest NaS battery manufacturer. recently installed a 4 MW

system in Presidio. Texas in 2010 following operation of systems totaling more than 160 MW since the

projects inception in the 1980s.

The NaS battery is typically a hermetically sealed cell that consists of a molten sulfur electrolyte at the

cathode and molten sodium electrolyte at the anode. separated by a Beta-alumina ceramic membrane and

enclosed in an aluminum casing. The membrane is selectively permeable only to positive sodium ions.

which are created from the oxidation of sodium metal and pass through to combine with sulfur resulting

in the foliation of sodium polysulfides. As power is supplied to the battery in charging. the sodium ions

are dissociated from the polysulfides and forced back through the membrane to refomi elemental

sodium. The melting points of sodium and sulfur are approximately 98°C and l l3"C. respectively. To

maintain the electrolytes in liquid form and for optimal performance. the NaS battery systems are

typically operated and stored at around 300"C. which results in a higher self-discharge rate of 14 percent

to 18 percent. For this reason. these systems are usually designed for use in highcycling applications arid

longer discharge durations.

NaS systems are expected to have an operable life of around 15 years. and are one of the most developed

chemical energy storage technologies. However. unlike other battery types, costs of NaS systems have

historically held. making other options more commercially viable at present.

8.2 Battery Emissions Controls

No emission controls are currently required for battery storage facilities. However, lead acid batteries

may produce hydrogen off-gassing via electrolysis when charging. Additionally. Li-ion batteries can

release large amounts of gas during a fire event. While not currently issues. there is potential for

increased scrutiny as more battery systems are placed into service.

8.3 Battery Storage Performance

This Assessment includes an option for a 50 MW / 200 MWh battery storage system based on Li-ion

technology. Lithium ion systems can respond in seconds and exhibit excellent ramp rates and round trip

cycle efficiencies. Because the technology is still maturing. there is some unccnainty regarding estimates

for cycle life. and these estimates vary greatly depending on the application and depth of discharge. For

purposes of this Assessment. the 50 MW / 200 MWh system is assumed to perfonn one full cycle per day.

Additionally. GADS perfonnance statistics do not cover battery storage applications. so the availability

was estimated based on BMcD experience and research.
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8.4 Battery Storage Cost Estimate

The estimated cost of a 50 MW / 200 MWh Liion battery system is included in the Summary Table

based on BMcD experience and industry research. The key cost elements of a battery system are the

battery cells, the inverter. the interconnection. and the installation. Per the agreed upon scope

assumptions for this Assessment interconnection costs and land costs (among others) have been

excluded. A detailed breakdown of scope assumptions is found in Appendix A. Also the capital costs

reflect an overbuilt battery capacity to account for normal degradation over time and limited failures.

This ensures the net capacity remains the same over the life of the project.

it is assumed that the battery system will operate at 480V, include inverters and intermediate transformers

up to 34.5 kg and include a single GSU for step up to 138 kg.

Cost information is shown for a "First Unit" and "Next Unit". The first unit assumes a complete 50 MW /

200 MWh site with all costs described herein and in Appendix A. The next unit cost represents the

incremental increase for each addition beyond the first installed unit. This methodology assumes that all

units are constructed up front in a single project and therefore the estimates are not valid for adding a unit

to an existing site at a later date.

8.5 Battery Storage O&M

.
!
I

O&M estimates for the Li-ion battery system arc shown in the Summary Table and are based on BMcD

experience and industry research. The battery storage system is assumed to be operated remotely. The

technical life of a battery project is expected to be 15 years. and battery cells may need to be replaced

every 5- l0 years. The fixed O&M costs include purchase of a performance guarantee from the OEM

covering repairs and replacement as necessary. The battery capacity is overbuilt to account for nominal

degradation over time and limited battery failures. Variable O&M costs are primarily based on the cost of

parasitic load to run HVAC.

ll
i
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CONCLUSIONS9.0

This Flcxiblc Generation Technology assessment provides information to support TEPls future resource

planning efforts. TEP is anticipating a need for flexible generation capacity to help offset intermittency

associated with increased renewable penetration. This Assessment is intended to help TEP decide on a

suitable technology to meet this need. Information provided in this assessment is preliminary in nature

and is intended to highlight indicative. differential costs associated with each technology evaluated.

BMcD recommends that TEP pursue additional engineering studies for technologies of interest to define

project scope. budget. and timeline.

Of all the technologies evaluated. the simple cycle F class plant exhibits the lowest capital cost per kW

generated. The F class gas turbine is a mature product. which has continually evolved as OEMs have

improved output and heat rate. Howevcr due to emissions related limitations. a single F class engine

would be limited in turndown to approximately 92 MW in the summer.

Acrodcrivativc turbines generally exhibit excellent heat rates. fast start and ramp rates. and reliable

operation. but they also tend to be more expensive than frame units on a S/kw scale. However. having

multiple aeroderivative units as opposed to a single frame unit would allow more operational flexibility

and plant turndown.

Reciprocating engine plants offer the lowest heat rates and fastest start times among simple cycle options.

They also offer the most flexibility in dispatching load compared to other plants of equal capacity. Due to

their smaller size. a single reciprocating engine can run at a lower load than a single gas turbine. As

additional load becomes necessary. additional engines could be started until full plant capacity is reached.

The recent strength of the U.S. dollar compared to the Euro has led to reduced costs for engines imported

from Europe. making reciprocating engines a cost competitive option. it is expected that all reciprocating

engine options will require SCR and CO catalyst systems for emissions control resulting in higher

variable O&M costs for engine plants than some turbine options.

Combined cycle plants offer better heat rates than all other combustion plants evaluated. However the

3xl SGT-800 option evaluated is estimated to be more expensive than simple cycle options and less

suited for cyclical operation.

Renewable options include solar PV and wind systems. PV capital costs have continued to decline

steadily in recent years. PV is a proven technology for daytime power and a viable option to pursue

renewable goals. Wind energy generation is a proven renewable option as well. Due to limited wind
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resources in Arizona. a wind option would likely need to be developed out of state. BMcD considered

New Mexico in evaluating perfonnance.

Utility scale battery storage systems arc being installed in varied applications from frequency response to

arbitrage. and recent cost reduction trends are expected to continue. Lithium ion technology is achieving

the greatest market penetration. but other technologies may be viable as well.

i

l

l

i
l
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Arizona - Annual Average Wind Speed at 80 m
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New Mexico -Annual Average Wind Speed at 80 m
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